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n 1915, with Europe in flames, Americans looked

anxiously over their shoulders, wondering

whether they, too, would be pulled into the “Great
War” raging across an ever-narrower Atlantic Ocean.
Conversations that year between Thomas Alva
Edison and Secretary of the Navy Josephus Daniels
set in motion the forces that led to the establishment
of an inventions factory modeled on those
laboratories newly established within the most
progressive part of American industry. Within a
generation, the new Naval Research Laboratory
(NRL) would produce the first operational American
radar and sonar and accomplish path-breaking
fundamental research on the transmission of high-
frequency radio waves and the nature of the
ionosphere.

Science writer Ivan Amato explores the origin,
development, and accomplishments of NRL over the
last 75 years. He analyzes the personalities,
institutional culture, and influences of what has
become one of the preeminent research laboratories
within the United States. Tracing the Laboratory from
its small and often inauspicious origins to today’s
large, multidisciplinary research center, Amato sets
in context many of the important research events and
fronts of modern military science and technology.

The author explores the role of the Laboratory
within the Navy and U.S. science during the 1920s,
Great Depression, and the “physicists’ war” of 1941
to 1945. Amato subsequently looks at NRL during
the Cold War and the birth of the space age, of which
it was such a key player. He then presents overviews
of contemporary research programs that will shape
the substance of military capabilities well into the
next century. Amato examines research fields ranging
from oceanography to plasma physics to space
technology in order to demonstrate how advanced
science and technology have developed
synergistically within the dual context of a military-
sponsored, civilian-administered R&D laboratory.

— David van Keuren, NRL Historian
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Chapter 1l

The Navy’s
Invention Factory

n the eastern bank of the Potomac River, just after
the river’s waters have left the heart of Washington
on their southward journey to the Chesapeake Bay,

resides a 130-acre campus with over 100 buildings
of all shapes and sizes. Guards screen every person
or vehicle entering the compound. Some of the buildings have no
windows. Many are equipped with radar dishes and antennae of many
varieties.

Travelers flying through the Ronald Reagan National Airport, which
is just across the Potomac, can look down from their planes and catch
glimpses of the industrial-looking site. Most don’t notice it. If the
campus even flashes onto their retinas, practically all let it pass like a
stretch of anonymous landscape along an interstate highway. Atten-
tive flyers, however, might notice some large blue lettering above the
windows of the building from which juts a weathered old pier that
once hosted the traffic of oceanographic research vessels. The letters
spell out “Naval Research Laboratory.”

To unwittingly fly or drive by the Naval Research Laboratory is
akin to going right by a Bell Laboratories, a NASA, a Microsoft Corpo-
ration, or the headquarters of some other world-changing organiza-
tion without recognizing the place for how it has contributed to the
technological character of modern times. Despite its lack of name
recognition, NRL, the Navy’'s own corporate laboratory, has become a
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world-changing place during its first 75 years. This book tells some of
NRL'’s story, at least that part that isn’t still secret.

The history of an institution like the Naval Research Laboratory
resembles a family history that unfolds in time, taking this turn and
that depending on the strengths and weaknesses each new generation
brings with it or inherits or on the traits it develops in response to its
internal and external pressures.

When NRL opened for business in 1923, it was a cluster of five
buildings surrounded by farmland. It was a place of clean air and dirt
roads. It was then bucolic enough of a setting that “Bellevue” (liter-
ally “beautiful view” in French), the name given to the property by an
earlier owner, intended no irony.

The 20™ Century has taken its toll. The sounds of nature have
given way to the roar of National Airport’s every-two-minute airline
traffic and of military aircraft from nearby Andrews Air Force Base
and the din of car traffic from nearby Interstate 295. Often, and espe-
cially when the wind comes from the South, a sickly stench from the
neighboring and sprawling Blue Plains sewage treatment plant infil-
trates the air to become an unwelcome olfactory banner for NRL. There
can be no argument that the name “Bellevue” has become in time a
brazen misnomer.

From its initial humble role on this changing stage of Bellevue,
however, the Naval Research Laboratory has evolved into a massive
and major actor in the world’s ongoing love/hate affair with science
and technology. In scientific and technological contexts, NRL itself
has been the origin of plenty of “beautiful views,” these in the form
of new insights about oceans, skies, and stars, and new technologies
based on those insights.

What started 75 years ago as a 27%2 acre, five-building main cam-
pus has expanded to encompass 130 acres and 102 main buildings, as
well as 14 other smaller research sites outside of Washington, DC.
These include a satellite-tracking station in Pomonkey, Maryland; a
fire research vessel in Mobile, Alabama; a center of mostly oceano-
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graphic research at NRL’s second largest facility located on the grounds
of Stennis Space Center in Bay St. Louis, Mississippi; and a meteoro-
logical modeling and prediction laboratory in Monterey, California.
More important than this physical expansion has been NRL'’s ascent
to join those world-class institutions whose footprints mark much of
the technoscape that characterizes modern times.

The external appearance of NRL bespeaks of arcane science and
technology. Building 43, the building with the big blue lettering on it
and the seat of the Laboratory’s top administration is capped by a
striking 50-foot radar dish pointing heavenward. In the 1950s, that
dish became part of the first communications circuit to use the moon
to reflect signals. Many more dishes and antennae of all shapes and
sizes adorn scores of roofs at the Laboratory making for a strange,
metallic skyline.

Some of NRL’s buildings are gargantuan and windowless, the kind
of structures on which rumors are built and within which scientists
and engineers usher astounding concepts for military technologies
into hardware. It seems that half of the buildings on campus have
their own, ice-caked refrigerated tank of liquid nitrogen, a household
fluid for a place like this. Some of the newer buildings could be on
any modern college campus except that they are identified coldly by
numbers rather than by the names of the institution’s overachievers
or major benefactors.

On top of one of these in the northwest corner of the campus (the
one bordering Bolling Air Force Base) are four large white communi-
cations radomes perched there like enormous golf balls soon to be
launched across the Potomac by a giant golfer. Pretty much all that
can be said about this building is that the business that goes on there
is secret.

South and a bit east of the big golf balls is a stretch of rattier look-
ing buildings, some with dented corrugated metal siding and big, in-
sulated pipes running in and out of them helter skelter. Some of these
have little red warning lights by the doors that blink to warn those
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outside that powerful lasers for fusion research, nuclear weapons re-
search, and materials science are running.

The only portion of NRL that looks like someone planned it out
ahead of time is the central mall that grew from those first five build-
ings. A series of gardens, parking lots, and sparsely but tastefully land-
scaped open areas leads from the main entrance to Building 43 and
its oversized radar dish. At the mall’s entrance is a bigger-than-life
bust of Thomas Alva Edison, whose 1915 vision of military research
and the future of warfare inspired the creation of NRL.

Flanking the mall on both sides are buildings hosting a number
of NRL's cast of research groups: the Radar Division, the Naval Center
for Space Technology (NCST), the Acoustics Division, the Materials
Science and Technology Division, the Center for Biomolecular Sci-
ence and Engineering, and the Marine Physics Branch (of the Marine
Geosciences Division). The rest of the buildings further to the right
and left look as though they were intermittently dropped from a great
height and allowed to land where there happened to be space. The
result is a strange brew of geometry, architectural styles, old and new
construction, decay and growth. It’s the kind of crazy quilt landscape
that reflects an institution’s sometimes less-than-optimal solutions
to evolving problems and needs.

The types of buildings and the equipment inside of them say much
about what can go on at an institution. What does in fact go on, how-
ever, is determined by the people in those buildings. NRL today em-
ploys more than 3,000 individuals, about 2,950 more than it did in
1923. About 1,700 of them conduct research and more than half of
these investigators have PhDs.

Among the research staff are chemists, physicists, engineers, math-
ematicians, computer scientists, astronomers, astrophysicists, optical
scientists, electronic warfare specialists, satellite engineers, ocean sci-
entists, meteorologists, earth scientists, systems engineers, acoustics
experts, molecular biologists, and a huge range of other technical types.
With a spectrum of expertise like that, the NRL staff can mix and match
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amongst themselves so as to assemble the skills and intellectual stuff
that it takes to keep the Navy on the myriad forefronts of military
technology.

The rest of NRL’s staff makes sure the research can go on by wres-
tling with mountains of paperwork (mostly budgetary and account-
ing), preparing food, mending pipes, planting flowers, acquiring and
managing books and journals, plowing snow, maintaining security,
operating and troubleshooting computer systems, cajoling sponsors,
minding military protocol, and publicizing results; in short, by doing
all the tasks required to keep NRL breathing every day.

NRL started out 75 years ago as a far more specialized place than
it is now. It essentially was a small radio engineering laboratory—
along with an important cadre of underwater sound experts—at a
time when radio technology was growing from its birth in the late
19" Century into a seminal 20" Century technology. Rather than de-
veloping broadcast radio to reach most of the people most of the
time as was the case in the civil sector, the Navy provided an entirely
different context. The Navy hoped that radio technology would pro-
vide a new communications system that would link distantly sepa-
rated parties on widely separated ships, shore installations, and air-
craft.

The technical issues involved in such a system pushed the existing
envelope of radio technology to the point that the NRL engineers
were driven to investigate scientific issues—such as the role of the
electrically charged upper atmosphere (which became known as the
ionosphere) in the propagation of radio waves—as a necessary step
in meeting the Navy’s needs. In other words, the call for leading-edge
technology by necessity inspired scientific curiosity. In turn, investi-
gations into how the state of the ionosphere and other environmen-
tal conditions affect radio communications opened pathways to the
development of more technology.

This powerful bootstrapping dynamic of a technological need
driving both engineering and basic science research, whose results
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then lead to new technological visions that, in turn, drive more scien-
tific research, is the soul of NRL. At NRL, science and technology have
never stopped raising the bar for each other. The most world-chang-
ing first fruit of this mutual bootstrapping during NRL's early years
was the discovery of the scientific and engineering principles from
which the U.S. Navy’s first generation of radar equipment was de-
signed and built. Military historians often say that nuclear bombs
merely ended World War Il while radar was the technology that won
it.

As much as NRL's pre-WWI1 staff was prepared and motivated to
push into new scientific territory, the Laboratory’s primary sources of
funding until the end of the war ensured that NRL's original engi-
neering mindset would remain dominant. Most of the research money
came from specific Navy Bureaus, most notably the Bureau of Engi-
neering, whose commanders had specific problems they wanted
solved. Those Navy officers who knew anything about NRL perceived
it as a place where they could go for help in solving their particular
technical problems. They were not interested in throwing their Bureau’s
money at researchers trying to ask and answer basic questions about
how the world works.

As it was for mostly everything else at the time, World War 1l was
a turning point for NRL. The war reinforced the Laboratory’s prob-
lem-solving, engineering culture. It was a time when research and
development simply had to yield real equipment that real soldiers,
sailors, and airmen could use ASAP. It was engineering on tight dead-
lines whose results literally meant life or death. To carry out this work,
NRL'’s ranks swelled fivefold from several hundred before the war to
more than 2000 afterward. It was a frenetic period marked by the
unmatched passion, unity, and sense of mission that swept America
during World War II.

During that expansion, the growing NRL research community
pooled its collective and ever more varying expertise to equip U.S.
fighters with the best, newest, and most capable equipment. Radar
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sets were designed, built, and shipped on short order, sometimes within
days. Newly invented chemical brews for repelling sharks, marking
sailors lost at sea, and neutralizing chemical warfare agents went out
by the thousands. Like Edison’s famous labs in Menlo Park and West
Orange, New Jersey, the Naval Research Laboratory had become an
invention factory run by brilliant scientists and engineers working with
well-equipped crews of superlative machinists and craftsmen who
could flesh out the most sophisticated and complex blueprints.

At the same time, World War Il became a showcase for the way a
close marriage of engineering bravado with leading-edge basic science
can change all of the rules. Most emblematic of what could come of
such a union was the Manhattan Project and its terrifying nuclear weap-
ons. Radar (a simultaneous invention in several places around the
world), synthetic rubber to replace embargoed sources of natural rub-
ber, antibiotics, and the proximity fuse (which made anti-aircraft ord-
nance and field artillery more lethal by triggering detonations when
the weapons got to an optimum distance from targets) were some of
the other more consequential offspring from this marriage. The mas-
sive organizations of civilian scientists that formed to expedite these
crash R&D efforts ended up setting a national trajectory for science
and technology that only in the past few years has come into ques-
tion.

As the end of war approached, there was no question in the minds
of NRL’s ranking researchers and decision makers that a culture of
curiosity-driven science, one emulating the academic model of scien-
tific research, had to become a partner with the problem-solving engi-
neering culture that had taken root from the beginning and was
strengthened during wartime. World War Il was the most scientific
war ever. It forcefully showed that today’s science was the seed corn of
tomorrow’s technological harvest. What's more, the war experience
proved how short the transition from science to technology can be.

The adoption of this more speculative research culture at NRL be-
came possible, in good part, because of the post-war creation of the
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Office of Naval Research (ONR), which was chartered to foster the
long view of naval technology built on basic science. NRL became
ONR’s science-oriented in-house laboratory. Today, ONR, which dis-
tributes roughly $860 million? to research groups at universities and
industries, still typically supplies close to thirty percent of NRL's re-
search funding, which has amounted to over $800 million in recent
years. The shift to ONR meant that NRL no longer would rest within
an administrative parent like a Navy bureau whose focus on solving
near-term problems would curtail NRL’s potential to push scientific
as well as engineering frontiers. The door had opened to NRL'’s be-
coming the Navy’s corporate laboratory in the way Bell Laboratories
(now Lucent Technologies) was the corporate laboratory for AT&T.

The beginnings of yet another research culture arrived at about
the same time that ONR came into existence. In a 14-year sequence
that began with the capture of German V-2 rockets at the end of the
War and ended in 1958 with the creation of the National Aeronautic
and Space Administration (NASA), NRL became one of the nation’s
hotbeds of both rocket engineering and rocket-borne science. These
efforts were in the young tradition of the Manhattan Project in that
they required large teams working on many pieces that had to be
integrated into large systems. Even after most of NRL's homegrown
rocket scientists and engineers became a major foundation pillar of
NASA in 1958, the culture of satellite engineering remained at NRL
and then grew into a third major research and development culture—
the others being basic science, and a more ground-based arena of
applied science and engineering. Much of what this third culture at
NRL has done remains secret since its major clients and supporters
were the likes of the National Reconnaissance Office (NRO).

In addition to these three prominent intermingling research cul-
tures at NRL, other cultural factors have also helped determine NRL’s
unigue research venue. Perhaps most prominent among them is the
balance between unclassified research and classified work. On NRL's
research staff are those who would prefer to stay as far away from
classified research as they can. They essentially are university profes-
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sors at a military laboratory. To many of them, doing science in secret
is anathema to the free and open communication by which the scien-
tific tradition normally operates. Of course this does not stop the “aca-
demic” types at NRL from finding applications of their work within
classified projects, especially if hard-to-find funding can be had.

Others at NRL have lived their research lives entirely within the
classified arena. Ask one of these researchers what they do and you
stand a good chance of eliciting the most hackneyed joke amongst
the classified research tribe: “I could tell you, but then | would have
to kill you.” Of course, with a little care and with assistance from NRL
editors and security experts, many of NRL's classified projects do yield
unclassified publications. It's often simply a matter of removing key-
words from manuscripts or leaving out actual values of measurements.
That is how many researchers at NRL successfully straddle the classi-
fied and unclassified research worlds.

Another important determinant of NRL's multifaceted research
culture is the way the research gets chosen and funded. Since ONR
funds only a portion of the annual research budget, the rest of the
budget must come from other sponsors, who may choose to fund
work at NRL or instead choose to put their money into other govern-
ment, industry, or academic labs. These sponsors include other units
in the Navy and elsewhere in the military establishment; units of the
nation’s intelligence network including the National Security Agency
(NSA) and NRO; and civil organizations such as NASA, the Federal
Aviation Administration (FAA), and the Department of Transporta-
tion (DoT). Since the 1980s, NRL researchers have been working more
and more with private firms on a cost-shared basis under Coopera-
tive Research and Development Agreements, or CRADAS. So the spon-
sor roster is long and diverse and getting more so. This multi-sponsor
arrangement means that NRL scientists usually have to compete with
other suitors for support. For better or worse, the system tends to turn
NRL researchers into entrepreneurs of sorts.

NRL's blend of research cultures and resources has yielded im-
portant results, earning the Laboratory a place in the big leagues of
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institutions that have influenced the technoscape. Consider this small
selection of NRL trophies:

¢ Just as the Laboratory was opening its doors in 1923, Harvey
C. Hayes, NRL’s top scientist in underwater sound, was witnessing
heartening results from a new apparatus he had designed that used
the speed of sound in water to rapidly determine ocean depth. Using
the apparatus (then called the Sonic Depth Finder and now known as
a fathometer) aboard the destroyer USS Stewart, Hayes and his crew
began surveying enormous swaths of the ocean floor with unprec-
edented accuracy and speed. This was the beginning of NRL's unend-
ing project to understand the ocean environment.

¢ In the 1930s, NRL scientists and engineers developed the
United States’ first generation of radar technologies at a critical time
when a half-dozen other countries were independently and secretly
doing the same thing.

¢ AsWorld War Il intensified in the early 1940s, NRL initiated a
top secret program with the prescient goal of developing nuclear pro-
pulsion for submarines. As a result, NRL became the first U.S. gov-
ernment laboratory to separate uranium isotopes, a first step to pro-
ducing and harnessing nuclear chain reactions. The isotope separa-
tion process, called thermal liquid diffusion, was developed initially
on the NRL campus by physicist Philip Abelson. In 1944, his process,
which by then had been scaled up to a large pilot plant operation at
the Philadelphia Navy Yard, became a crucial component of the tech-
nical infrastructure behind the world’s first nuclear bombs when it
was put into operation at a then secret isotope separation plant in
Oak Ridge, Tennessee. The uranium that emerged from this process
became important feedstock for a final enrichment process that led
to the explosive heart of the bomb that was dropped on Hiroshima.

¢ Just after the war, others at NRL began sending a range of at-
mosphere-measuring instruments to unprecedented altitudes using
captured German V-2 rockets. As a result, NRL researchers simulta-
neously developed expertise in the fledgling fields of rocket engineer-
ing and rocket-borne science. Not only would this nascent research
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community succeed in launching one of the world’s first artificial sat-
ellites in 1958, but it also helped launch the National Aeronautics
and Space Administration later that same year by providing the new
NASA with its first 157 uniquely trained and experienced scientists
and engineers. In other words, NRL provided a cornerstone upon
which the ongoing Space Age has been built.

¢ One of the most far-reaching offshoots of NRL's foray into
space was its extensive role in the conception and realization of the
satellite-based Global Positioning System (GPS). The GPS grew from
several seeds, including the series of Timation satellites in the 1960s
and 1970s, that NRL developed to bolster the navigational capabili-
ties of the country’s nuclear-missile carrying, nuclear-propelled sub-
marine force. The GPS evolved quickly into an exceptionally valuable
resource for a whole range of military and civilian uses, only some of
which were envisioned by the system’s originators.

¢ As laser technology matured after its invention in 1960, NRL
became a center of high-power laser research, thereby joining the com-
munity of researchers questing for controlled nuclear fusion using
lasers. The work was funded by the Navy and the Department of En-
ergy (DoE). Although the center of gravity of this work (as measured
by dollars) would move to the Lawrence Livermore National Labora-
tory (LLNL) by the mid-1970s, NRL never stopped developing a base
of expertise in high energy lasers, laser interactions with matter, and
laser fusion. That expertise has proven crucial both scientifically and
for guiding the big decisions that go with any national, multi-billion
technology goal such as the quest for laser fusion. Today, laser fusion
research continues at NRL with a DoE-funded hangar-sized krypton-
fluoride laser system that can direct massive amounts of energy onto
tiny material samples. The aim is to clarify the basic mechanisms by
which energy concentrates or disperses within targets, which is a fun-
damental component of the overall challenge.

¢ In 1985, two researchers, one of whom remains at NRL after
more than 50 years of service, were awarded science’s most coveted
and respected award—a Nobel Prize—for their work that rendered X-
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ray diffraction a far more versatile and powerful tool for revealing the
crystal structures of molecules and materials.

¢ In 1994, a team of satellite engineers at NRL's Naval Center
for Space Technology oversaw the design and construction of the
Clementine spacecraft, which mapped the Moon with unprecedented
detail while proving the capability of new, lightweight sensors and
other technologies for the Ballistic Missile Defense Organization
(BMDO). Completed within a remarkably short time of 22 months
from the time of the project’s conception and at a bargain price of
$70 million, the Clementine project embodied the “smaller, better,
cheaper,” mantra that NASA officials have said their agency would
adopt following an era of ever bigger and more expensive projects.
The Clementine mission became an instant classic in the space com-
munity for its innovative convergence of engineering, design, and ex-
ecution.

These are among NRL'’s prouder (unclassified) institutional mo-
ments, like the births, marriages, and deaths in human biographies.
The following narrative will show how the pathways to NRL's high
points are punctuated by many fascinating and consequential twists
and turns. Moreover, they will show that the Laboratory’s peaks of
performance and achievement could have emerged only from under-
lying scientific and technical strata that are sturdy, dependable, and
sometimes striking in their own right.

It all began in 1915 with a global tragedy.



Chapter 2

The Laboratory
That Almost Wasn't

It was an ocean away, but the spreading European war began com-
ing home to the United States with lethal force in the early Spring of
1915. On March 28, as part of an intensifying campaign of intimida-
tion by German submarines against merchant and passenger ship-
ping in the war zone around England, the British passenger steamer
Falaba was torpedoed and sunk. Among the dead was Leon C. Thrasher,
an American citizen. On April 28, the Cushing, an American vessel,
was attacked by a German airplane. Three days later, a German sub-
marine torpedoed the American vessel Gulflight, causing the deaths of
two more U.S. citizens.*

Then, on May 7, 1915, the commander of a German submarine
gave orders to torpedo the British ocean liner Lusitania, which was
carrying more than 1200 passengers. As the ship steamed by the south-
east coast of Ireland on its way from Liverpool to New York, a torpedo
struck the ship on the starboard side and exploded. Within 20 min-
utes, the 32,000 ton vessel sank. Of the 1,198 passengers who lost
their lives, 128 were U.S. citizens.?

The sinking of the Lusitania was traumatic to the collective Ameri-
can psyche. Large-scale death dealt from underwater ships of a for-
eign navy was a particularly cold, technological form of warfare born
of applied science and technology. The submarine menace bolstered
the resolve of the “preparedness lobby,” whose members in Congress
and the Navy had been criticizing the Secretary of the Navy, Josephus

13
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Daniels, and the administration of President Woodrow Wilson for
failing to build up the nation’s arsenals at a time when American
interests clearly were threatened.®

Within a week of the Lusitania tragedy, President Wilson began
sending stern warnings to the Imperial German Government that its
hostile actions had raised the ire of the then neutral United States.
“The Imperial German Government will not expect the Government
of the United States to omit any word or any act necessary to the
performance of its sacred duty of maintaining the rights of the United
States and its citizens and of safeguarding their free exercise and en-
joyment,” stated an official letter to the German Ambassador.*

It was at the end of this ominous month of growing global ten-
sion that an article appeared in the New York Times Sunday Magazine
that would lead to the creation of a military research establishment in
Washington, DC that would change the world. While the byline iden-
tified reporter Edward Marshall as the author, the article was an al-
most unbroken quote by Thomas Alva Edison, the 68-year-old Ameri-
can icon of inventive genius whose light bulbs, phonographs, and
movies had been transforming daily life, about how America should
respond to the European War.

When the article appeared, the part that resonated the most in
Secretary Daniels came toward the end:

“l believe that . . . the Government should maintain a great
research laboratory jointly under military and naval and civilian
control. In this could be developed the continually increasing pos-
sibilities of great guns, the minutiae of new explosives, all the
technique of military and naval progression without any vast ex-
pense . . . When the time came, if it ever did, we could take
advantage of the knowledge gained through research work, and
quickly manufacture in large quantities the very latest and most
effective instruments of warfare.”

For Daniels, these highly visible words by one of the most fa-
mous and respected men in the world breathed life into the long-
bandied opinion amongst Navy brass that such a lab made good sense.
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The Naval Research Laboratory
was conceived in 1915 during a
correspondence between the then
Secretary of the Navy, Josephus
Daniels (seated at his desk on the
right), and Thomas Edison, who is
shown here standing at his desk.

Edison’s words also provided Daniels with a potential means to
quiet his political critics. When the article appeared, the Wilson ad-
ministration, Daniels included, was under increasing criticism for fail-
ing to prepare for what to many was the inevitable participation of
the United States in the war that had been raging in Europe for nine
months. At the start of 1915, the Wilson administration not only had
been holding to a policy of neutrality, but it had even amplified its
apparent disinterest in war preparation with a concomitant intention
to decrease military expenditures. Even after the Lusitania went down,
Wilson's initial intention was to remain neutral while slowly build-
ing up the U.S. military force over many years.®

So when Secretary Daniels read the words of Thomas Edison sev-
eral weeks after the sinking of the Lusitania, he perceived a means for
navigating a politically narrow strait between Wilson’s slow-go ap-
proach to military preparedness, on the one side, and the prepared-
ness lobby’s ever louder calls for a much faster buildup and mobiliza-
tion, on the other.
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Edison’s characterization of the war as “a matter of machines rather
than men” in the New York Times article was the key to a potential
compromise, Daniels surmised. According to the great inventor, the
foundation of success in modern warfare was not massive military
expenditure and immediate mobilization of large standing military
forces. Success would come instead through the unparalleled ability
to quickly develop and manufacture the best and latest military tech-
nology via the kind of inventive insight and research that had be-
come the modus operandi at a growing roster of science-based indus-
trial laboratories. Researchers and engineers at General Electric, Corn-
ing Glass Works, Westinghouse, E.I. duPont de Nemours, and, of
course, Edison’s own invention factory in Menlo Park, New Jersey, all
were applying science in pursuit of new and better things. “Better liv-
ing through chemistry” was how DuPont would later describe its es-
sence. As Daniels saw it, a military version in the form of a naval
research laboratory would yield military brawn through the exercise
of brains focused on inventions of military consequence.

OnJuly 7, Daniels sent a letter to Edison asking for his help. Echo-
ing the great inventor’'s own ideas described in the New York Times
article, Daniels wrote:

“One of the imperative needs of the Navy, in my judgment,
is machinery and facilities for utilizing the natural inventive
genius of Americans to meet the new conditions of warfare as
shown abroad, and it is my intention . . . to establish, at the
earliest possible moment, a department of invention and devel-
opment, to which all ideas and suggestions, either from the ser-
vice or from civilian inventors, can be referred for determination
as to whether they contain practical suggestions for us to take up
and perfect.””

Daniels, a former newspaper editor well-versed in the power of
the media, laid bare in his letter the crucial public relations role
Edison could play:

“Such a department will, of course, have to be eventually sup-
ported by Congress with sufficient appropriations made for its
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proper development . . . To get this support, Congress must be
made to feel that the idea is supported by the people, and | feel
that our chances of getting the public interested and back of this
project will be enormously increased if we can have, at the start,
some man whose inventive genius is recognized by the whole world
to assist us in consultation from time to time on matters of suffi-
cient importance to bring to his attention. You are recognized by
all of us as the one man above all others who can turn dreams into
realities and who has at his command, in addition to his own
wonderful mind, the finest facilities in the world for such work.”®

Having become a de facto catalyst for this high profile courtship,
the New York Times was happy to print a front page story on July 13
about the first outcome. The headline read “Edison Will Head Navy
Test Board.” Daniels, who was interested in appeasing the prepared-
ness lobby, could have written the sub-headline of the article, “Best
Engineering Genius of the Nation to Act with Naval Officers in Strength-
ening Sea Power.” The crux of the article was that Edison had agreed
to help organize what became known as the Naval Consulting Board
(NCB), whose charge would be to identify and shepherd state-of-the-
art military inventions that would prepare the United States for what-

The Naval Consulting Board as well as some Navy Department
officials surround Thomas Edison and Josephus Daniels, who are
seated behind the desk.
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ever military challenges might spring up. On July 16, the New York
Times quoted Daniels saying he hoped to have “a great naval labora-
tory in Washington.”®

Of the board’s two-dozen initial members, 22 were selected from
11 national science and engineering societies. For the most part, they
were luminaries in the realm of science and technology. From the
American Chemical Society, for example, came Leo H. Baekeland, al-
ready famous and on his way to great wealth for his invention several
years earlier of Bakelite, the first fully synthetic plastic material that
would show up in everything from telephones to washing machine
agitators to brush handles. Willis R. Whitney, another illustrious mem-
ber of the board, was director of the General Electric Company’s cor-
porate research laboratory, a pioneer facility founded in 1900 that
became a model for company after company. Running the Naval Con-
sulting Board as its chairman was Edison. His assistant, Miller Reese
Hutchinson, who later claimed to have orchestrated the entire cre-
ation of the Naval Consulting Board including the arrangement of
the Edison interview with Edward Marshall, was appointed to the
board as a special delegate.”

Edison broached the idea of a naval laboratory during the very
first meeting of the board on October 7, 1915. The following March,
a five-member delegation of the board, including Edison, briefed the
Committee on Naval Affairs in the United States House of Represen-
tatives. During his remarks, Edison surprised other members of the
board’s delegation when he described a grandiose and hardly realis-
tic vision of a lab capable of fantastic feats of engineering and manu-
facturing, such as building a new submarine in 15 days. More cau-
tious members of the delegation felt compelled to delicately assure
the committee that the lab they were proposing would operate at a
less reckless pace. Even during this pitch to the very governing body
that would recommend for or against federal funding for such a labo-
ratory, internal differences on the board were evident.

The Congressmen apparently were neither alarmed by Edison’s
hyperbole nor by the failure of the delegation to clearly and uniformly
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define the purpose of the “Experimental and Research Laboratory,” as
the proposed facility first became known. On August 29, 1916, fol-
lowing the recommendation by the Committee on Naval Affairs, Con-
gress appropriated $1,000,000 for the ill-defined facility.

What would become the Naval Research Laboratory, or NRL, how
existed on paper. The act of Congress appropriating the Laboratory’s
initial funding for fiscal year 1917 included the following description
of the Laboratory’s mission:

EXPERIMENTAL AND RESEARCH LABORATORY: For labo-
ratory and research work on the subject of gun erosion, torpedo
motive power, the gyroscope, submarine guns, protection against
submarine, torpedo and mine attack, improvement of submarine
attachments, improvement and development in submarine en-
gines, storage batteries and propulsion, aeroplanes and aircraft,
improvement in radio installations, and such other necessary work
for the benefit of Government service, including the construc-
tion, equipment, and operation of a laboratory, the employment
of scientific civilian assistants as may become necessary, to be
expended upon the direction of the Secretary of the Navy (limit
of cost not to exceed $1,500,000), $1,000,000.*2

The amount of funding, which did reach the legally defined limit
of $1,500,000 in a supplemental appropriation in March, 1917, fell
significantly short of the $5,000,000 startup cost and $2,500,000 an-
nual operating cost that the Naval Consulting Board had estimated
would be needed.

Inadequate funding, however, was the smaller of the obstacles that
would end up delaying the birth of the Laboratory. Two different
clashes—one on the scale of individual human beings, the other on a
planetary scale—would bring the paper lab close to a stillbirth end-
ing.

The local clash focused on the function and location of the new
lab. Of the 61 locations submitted by board members and others,
including Congressmen looking to pump up the prestige and visibil-
ity of their districts, three became serious contenders: Annapolis,
Maryland; Washington, DC; and Sandy Hook, New Jersey.
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Annapolis quickly became the majority choice. It was close to
Washington, DC. It was already the home of the Naval Academy. And
it was situated on an accessible yet protected harbor in the Chesa-
peake Bay. What's more, it already hosted an Engineering Experiment
Laboratory that was suitable for relatively efficient and inexpensive
expansion into the more versatile Navy laboratory.

Edison, however, vehemently argued that Sandy Hook was the
wisest site. It was close to New York, from which all types of supplies
and skilled labor could be had, he argued. It, too, was accessible to
Navy vessels. But the real meat of the rift was the link between the
location and the way the new lab would be run. Sandy Hook was just
40 miles south of Edison’s West Orange laboratory. He believed the
proximity would enable him personally to do what was necessary for
the naval lab to succeed, an outcome he was sure public opinion placed
on his shoulders. At Sandy Hook, Edison could more readily wield
control over the lab without interference from Naval officers and gov-
ernment officials whom he would never trust to run a useful research
laboratory.

The “laboratory always in my mind has been for only one pur-
pose, to work under civilian conditions away from naval and govern-
ment conditions,” he told the board at a November 1916 meeting. It
was to be a civilian laboratory that has “nothing to do with the Navy
except that if any naval officer has an idea, he can go there and have it
made.”*3

Part of Edison’s strong disdain for, and opposition to, direct naval
participation in the lab likely derived from a well-publicized inquiry
earlier in the year that blamed a new type of storage battery for sub-
marines being developed by Edison’s company for a deadly hydrogen
explosion on a submarine as it sat moored in New York harbor. De-
spite the eminent inventor’s vehement protest, the inquiry squarely
blamed the Edison battery, while Edison pegged the blame on oper-
ating procedures on the submarine. The Navy’s Bureau of Engineer-
ing adopted the inquiry’s assignment of blame.*
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The location debate culminated in a December 1916 meeting of
the board. The majority opinion in favor of the Annapolis site won
out over Edison’s lone demand that Sandy Hook be the place. The
board’s recommendation put Secretary Daniels in a difficult position.
Had the lone dissenter been anyone but the iconic Edison, Daniels
may have been able to simply let democratic process play out. At the
same time, there was no way he could accede to the Edison plan,
which amounted to using Navy money to build a laboratory in which
the Navy would essentially be subordinate to civilians. Daniels chose
a third option: inaction. His hope was that Edison still might be
swayed.

But the world did not stop turning as the Edison vs the board
match came to this stalemate. In 1916, German submarines had sunk
nearly twice as much tonnage of British merchant ships than in 1915.
The maritime carnage continued to escalate in 1917 to a point where
the Germans appeared within reach of their stated goal to break the
island nation of Great Britain economically. That is when the U.S.
entered the war.

Submarines were emerging as perhaps the pivotal technology in
the war, but other products of military science and technology were
wreaking new and awful kinds of death that would forever change
the relationship of war and technology. For one thing, ever-improv-
ing mass manufacturing practices were churning out unprecedented
amounts of war materiel, arms, and munitions. More ominous was
the German introduction on April 22, 1915 of the first large-scale use
of chemical warfare agents. From cylinders, they released 168 tons of
ground-hugging, yellow-green chlorine gas into the trenches on the
Western Front in Ypres, France. The Allies suffered 5,000 casualties.*®
It now had become a chemist’s war, too. There would be no turning
back—warfare and science had become inextricably connected.

Meanwhile, Edison remained unmoved in his opinion that Sandy
Hook was the appropriate location for the unborn Navy laboratory
and no forward action was taken to make the laboratory real. As his-
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torian David Allison put it, “the same stubbornness that had charac-
terized the inventor’s search for a practical light bulb, which the world
of science had called impossible, now determined his stand on the
research laboratory.”6

In lieu of the new corporate Navy laboratory where researchers
should already have been at work on research crucial to the Navy, the
Navy expanded efforts at its Radio Research Laboratory, then housed
at the National Bureau of Standards (NBS) on Connecticut Avenue in
Washington, DC, and at the Aircraft Radio Laboratory at the Anacostia
Naval Air Station. Some antisubmarine work was underway at the
Engineering Experiment Station in Annapolis, but the Navy set up
new groups in this field at Nahant, Massachusetts and at New Lon-
don, Connecticut.

In an attempt to end the delay in the opening of the Navy’s corpo-
rate laboratory, Frank J. Sprague, a member of the board who had
graduated from the Naval Academy and became well-known for de-
veloping electric trolley trains in the U.S. and other countries, includ-
ing Germany, wrote to Edison:

“This is a frank attempt to compose the present unfortunate con-
ditions of affairs and save the Naval Consulting Board and pos-
sibly the Secretary of the Navy, from very unpleasant criticism. A
year and a half has passed since Congress appropriated a million
dollars for the creation and operation of ‘An Experimental and
Research Laboratory. At the time of this appropriation a large
part of the world was at war, but despite the fact that for nearly
ten months we have ourselves been involved in this vast conflict,
the end of which no one can foresee, the naval laboratory re-
mains a dream. No site has been selected, no detailed plans de-
termined, no constructive steps whatever taken. And why? Be-
cause of differences of viewpoint which have thus far prevented
that unanimity of decision which the Secretary of the Navy has
so strongly urged as a basis for his official action.””

In this letter, dated January 30, 1918, Sprague gave Edison an ulti-
matum. Either join in a compromise in which the Laboratory is built
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at a Washington, DC site known as the Bellevue Magazine, or dis-
band the board entirely. The latter choice undoubtedly would lead to
humiliating Congressional inquiries and the in utero death of a lab
that everyone involved still wanted to be born.

Everyone except for Edison, that is. His response to Sprague’s en-
treaty was to stop participating in the planning of the Laboratory.
Distasteful as the jilting might have been, it also meant that the great
inventor was no longer blocking the way. Board members quickly
recommended the Bellevue site to the Navy Department and they
drew up plans for the Laboratory’s physical plant. By mid-year, the
plans had been approved and were in the hands of Secretary Daniels
and the heads of the Navy’s materiel bureaus, such as the Bureau of
Steam Engineering and the Bureau of Ordnance, for whom the Labo-
ratory was intended to serve. Daniels remained troubled by Edison’s
estrangement, however. Without Edison’s imprimatur, Daniels still
refused to sign off on the project.

By the end of World War | on November 11, 1918, the Laboratory
remained trapped in blueprints. By now, the board, which still felt
the Laboratory ought to be built, felt impotent to take the matter any
further. If the Laboratory was ever going to become a real place, the
momentum would have to come from elsewhere.

Almost a year later, on October 1, 1919, that momentum arrived.
At the urging of the recently promoted Rear Admiral William Strother
Smith, who had been the Navy’s liaison to the Navy Consulting Board
throughout World War I, the chiefs of the material bureaus (Bureaus
of Steam Engineering, Construction and Repair, Ordnance and Yards,
and Docks) sent Secretary Daniels a memorandum recommending
the “construction of the Naval Experimental and Research
Laboratory . . . after the general lines of the report of the Naval Con-
sulting Board.”8

Now coming from his own Navy brass, Daniels finally acknowl-
edged the recommendation and authorized construction of the Labo-
ratory at the Bellevue site. A construction contract was granted a year
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later and ground finally was broken on December 6, 1920. By mid-
1923, the Laboratory’s original cluster of five buildings along the
Potomac River just across from Alexandria would be ready for its ten-
ants.

The site was in a section in the southeast sector of the capitol city
just south of where the Anacostia River flows into the Potomac River.
Although a new pier had to be built to accommodate Navy vessels, it
was a convenient location for the new lab. For one thing, the U.S.
Navy had purchased a portion of these grounds in 1873 in order to
relocate an explosives-laden Naval magazine at the U.S. Navy Yard
that had been on the other side of the Anacostia River. That move
occurred after the city’s Board of Health deemed the original location
of the magazine too close to the White House for comfort.*®

Just before work on the grounds began, Daniels made one last-
ditch attempt to secure the support from Edison that had proven as
elusive as it was desired. In the letter, Daniels said he was going to
push for civilian direction (in cooperation with Naval officers) of the
Laboratory and he wanted Edison to outline the “plans and direc-
tion” of this arrangement. The 73-year-old inventor answered by for-
mally resigning from the Naval Consulting Board.

As it turned out, Edison’s fear that the Laboratory would be run
by Naval officers was borne out. Part of the transition of the Wilson

Secretary Daniels
breaks ground for
Building 1 in 1920.
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administration to the administration of the new president, Herbert
Hoover, was the replacement of Daniels with the new Secretary of the
Navy, Edwin Denby. In a prescient letter to Denby dated March 17,
1921, the chairman of the Naval Consulting Board, William Saunders,
recommended that Naval officers ought to be the executives who carry
out Navy Department policy at the Laboratory, but that technically
trained civilians unencumbered by Navy traditions ought to be in
charge of the experimental work. “It is the hope of a large majority of
this Board that you will decide to place a civilian director in charge of
the laboratory,” wrote Saunders.?’ Nevertheless, six months later,
Denby appointed Rear Admiral William Strother Smith as the
Laboratory’s first director in recognition of his important role in the
Laboratory’s gestation. But Smith retired two days later, and his suc-
cessor, Captain E.L. Bennett, was named to the post several months
later. (A listing of all of the military directors and commanding offic-
ers for NRL's first 75 years appears in Appendix A.)

Meanwhile, the Laboratory buildings were also slowly emerging
from farmland on the Bellevue site in 1922. However, a potential
show-stopper loomed. Congress had not appropriated a single dollar
for running the Laboratory in 1923 when it looked like the new facil-
ity would actually be ready for business. With neither a war, nor
Daniels, nor Edison, to champion the Laboratory’s cause, legislators
in Congress were unmoved by the pleas for a piddling $100,000 of
operating funds for fiscal year 1923 by Captain E.L. Bennett, who
already had succeeded Admiral Smith as the unbudgeted Laboratory’s
director.

Although Congress did finally come through with that small sum
in 1924, the money didn’t even cover overhead and staff salaries. So if
any of the Navy bureaus wanted the Laboratory to look into some
problem, they’'d have to pay for the work from their own budgets.
Only the Bureau of Engineering opened its purse and embraced the
Laboratory as an opportunity. At the urging of officers under him, the
Bureau’s chief, Admiral J.K. Robinson, authorized his Bureau’s own
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research in radio and sound, which focused on submarine detection
(and that had been dispersed across many facilities and the Navy Yard),
to be centralized at the new Bellevue laboratory.

Even before the Laboratory’s commissioning, Admiral Smith re-
ceived a request by the Bureau of Engineering to set up shop in the
top floor of the new building designated for research. He then paid a
visit to Commander Stanford C. Hooper, head of the Bureau’s Radio
Division and the man who initiated the Bureau’s connection with the
Laboratory. “[Admiral Smith] told me that not a single desk of any
Bureau had requested any space or help there at the Naval Research
Laboratory except my division,” Hooper later recalled. “So he said,
‘You can have the whole place. You just tell me what you want to do
down there and send down your men and the money and | will have
it done just the way you say and your men will be directly under your
division.”?

The Laboratory finally was no longer merely ideas in peoples’
minds or drawings on paper. Its first buildings were nearly completed.
It had a director. And there were two dozen researchers at the Naval
Radio Research Laboratory at the National Bureau of Standards, the
Aircraft Radio Laboratory at the Naval Station in Anacostia, and at the
Annapolis Experiment Station in Maryland (where sound researchers
working on submarine detection previously in New London had been
transferred) waiting to move in.

The NRL that awaited its christening on the hot sunny morning of
July 2, 1923 was composed of a cluster of white, painted buildings of
industrial appearance on 27%2 acres of weedy, construction-marred
grounds. Building 1 served a hodgepodge of functions. It had the only
research facilities while also housing administrative offices, a human-
operated telephone switchboard, and the library. The Machine Shop
and Foundry were equipped with a state-of-the-art complement of
heavy and industrial machinery: lathes, milling machines, drills, bor-
ers, grinders, metal punches, band saws, jigs saws, metal melting fur-
naces, forges, and strap hammers. A railroad track owned by the B&O
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Railroad company ran directly into the largest machine bay so that
especially heavy equipment could be unloaded by crane directly from
the cars.

Forming a line with the shop buildings toward the river was a
power station with a tall smokestack. Its location along the edge of
Potomac River made boat delivery of coal a relatively easy affair.

Just south and east of the grounds were cornfields, overgrown
riverbanks, a home for the aged and infirm, a burial ground for hun-
dreds of Washington, DC’s indigent dead,*® and farmland destined to
become the Blue Plains Sewage Treatment plant.

Peering upriver from the Laboratory’s power station, the eye would
have been drawn to the audacious Washington Monument. The stark
obelisk’s skyward attitude aptly symbolized both the Capitol’s grow-
ing geopolitical importance and also the literally extra-global reach
the Laboratory itself would earn in both military and civilian arenas.

The primary official speaker at the ceremony was the Assistant
Secretary of the Navy, Theodore Roosevelt, Jr., son of former Presi-

NRL in its first year, 1923.
Building 1, which housed
the Laboratory’s first
research spaces, stands by
itself in the foreground.
Starting from the bank of
the Potomac River and
forming a line opposite
Building 1 is the coal-fired
power station, pattern shop,
foundry, and machine shop.
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dent Teddy and cousin of the future president Franklin D. Roosevelt.
He stood on the front steps of a brand new three-story building that
his Navy’s Bureau of Docks and Yards had built. Having had averted
several near abortions during its troubled seven-year gestation since
its conception in 1915, the Laboratory finally had made it to an ac-
tual birthday.

Theodore, Jr’s address was not recorded, but historian David K.
Allison surmises the young Roosevelt likely reiterated a sentiment he
had conveyed earlier to the House Subcommittee on Appropriations.
“l feel very strongly that the Navy must not be allowed to petrify,”
Roosevelt told the Subcommittee the previous year. “We will petrify
unless we are constantly reaching out for new and better things. The
research laboratory is in direct line with this thought.”?

On the day of the commissioning, the Assistant Secretary was al-
most certainly unaware that one of those “new and better things”
had already dawned. Two of the Naval Research Laboratory’s first hires
in the Radio Division, A. (Albert) Hoyt Taylor and Leo C. Young, had
registered, even before the Laboratory’s doors officially opened, an
historic observation of radio waves reflecting from the wooden steamer
Dorchester that happened to be passing by on the Potomac. It was one
of the first glimpses of what was to become known as radar. Taylor’s
and Young’s observation presaged NRL's role in effecting dramatic
changes not only in the U.S. Navy but in the entire technological
landscape.

Listening to Theodore Roosevelt, Jr., at the commissioning cer-
emony were Navy officers, members of the laboratory’s first few dozen
employees, and their guests. Also attending were several members of
the Naval Consulting Board. Notably absent was Thomas Edison. If
he were there, he probably would have had a smirk on his face. As he
saw it, the Laboratory was not the way he thought it ought to be and
so was destined to become a cash- sapping government facility where
used-up Navy officers would go and from which nothing useful would
emerge.z
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Not a single reporter from Washington, DC ventured to the other
side of the Anacostia and Potomac Rivers to attend the ceremony,
although the July 1 Washington Star did mention the Laboratory’s im-
minent opening.

“For the rest, the opening of the new venture passed almost un-
noticed,” wrote A. Hoyt Taylor as he recalled the first 25 years of NRL
many years later. He had by then become world famous for his role in
the invention of radar.?*



Chapter 3

First Steps

NRL's original physical endowment indeed was humble. Its start-
ing complement of about 20 researchers and technicians, all of them
men, brought their own research equipment with them, some of it
even arriving by barge. The hangar-like shop building might have been
nearly empty at first had the Navy not received 34 train cars of sur-
plus machinery and equipment from the Army. Another 25 train cars
worth of scrap materials—cables, antenna wire, hunks of brass and
copper, meters, and countless components from old or not-yet-built
radio and sound equipment—that would affectionately become
known as “the dump” arrived at the Laboratory along with the two
submarine detection researchers who came from the Naval Experi-
ment Station in New London to comprise NRL's entire original Sound
Division.

Albert Hoyt Taylor, the only card-carrying physicist on the Radio
Division’s original staff of 18 and who was destined to achieve the
kind of institutional stature that gets campus streets named after you,
rated “the dump” as a godsend during the Laboratory’s “lean and
hungry days of the middle and late ‘twenties,” as Taylor described
them later in a memoir. Wrote Taylor: “The Foundry was able to make
use of a great many of the metal parts [from the dump], recasting
them into devices designed by the Laboratory engineers. . . It was no
uncommon sight to see two or three engineers poking around through
this pile looking for some usable item.“*

31
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Albert Hoyt Taylor, senior radio scientist at the Laboratory
until his retirement after World War I

These were years when direct Congressional appropriations for
NRL inched slowly upward from zero dollars in 1923 to $200,400 in
1929. Total funding, with the majority coming from the Navy’s Bu-
reau of Engineering and Bureau of Ships, rose from about $296,000
to a high of $569,000 in 1928.2 The original vision of the Naval
Consulting Board called for an operating budget of nearly five times
that peak value. Frugality, therefore, was more of a necessity than
a virtue.

Money was just one of the early worries. The electrical distribu-
tion system was far from complete when the Laboratory opened. Power
to run the research equipment in Building 1 was run from the master
switch box through temporary wires running along walls and floors.
Night-time work was done under a maddening flickering light since
the homemade system for converting the 25-cycle-per-second electri-
cal supply from the Potomac Power Company into a conventional
60-cycle-per-second supply (a frequency high enough that human eyes
do not discern its ebbs and flows through lights) was shut off every
day at 4:30 PM. For years, there was no heat in the winter for the
offices on the top floor of Building 1.

Balancing such shortfalls in the physical plant at the Bellevue site
was the abundance of talent amongst NRL's first scientists, engineers,
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machinists, draftsmen, toolmakers, laborers, and administrators. Col-
lectively they brought with them the kind of laboratory experience,
engineering skill, and machining and manufacturing know-how needed
to devise and build state-of-the-art equipment, mostly in the category
of radio communication gear. One particularly valuable ingredient of
NRL's brew of human capability was the kind of raw scientific acumen
that sees seeds of important discoveries or technologies in otherwise
unassuming movements of dials, in static on speakers, in stacks of si-
lent data, or even in previously trodden technical territories deemed
unpromising by less imaginative scientific prospectors.

The predominance of radio research during NRL's debut years was
partly due to the Bureau of Engineering’s initiative to consolidate its
handful of physically separated radio research efforts. It also was a re-
flection of the technological and cultural ascendance of radio during
the first decades of the 20" Century.

The “dump,” a heap of military surplus, junked electrical equipment, wire,
and scads of other items, was a prized resource for the Laboratory’s early,
extremely money-conscious researchers.
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The technology of wireless transmission of electromagnetic sig-
nals, which became known as radio, began to take form in the 1880s
when the German physicist Heinrich Hertz first demonstrated the
practical ability to send long distance signals virtually instantaneously
between two locations without the use of wires physically connecting
the locations. Like many physicists of his day, Hertz was inspired by
the work of the Englishman James Clerk Maxwell, who in the 1860s
and 1870s laid out the general principles—whose mathematical mani-
festations have gone down in history as “Maxwell’s equations”—by
which electricity and magnetism combine as the fountain of electro-
magnetic phenomena. Within this wide-ranging category of nature
are such things as the way electrical currents and magnetism can give
rise to each other and the manner by which radiation such as light
and radio waves travel, propagate, reflect, and otherwise find their
way from an origin to a destination.

Until Hertz's demonstration of wireless transmission of signals,
the most advanced communication was wire-carried telegraphy, which
already by the time of Hertz’'s demonstration included transoceanic
cables. (Before radio was known as radio, it was called “wireless teleg-
raphy.”) There was no practical way to link ships at sea to telegraphic
systems, however. So before wireless communication, ship-to-ship and
ship-to-shore naval communication had always been limited to a vi-
sual range within which lights, hand signals, or flags could be used.
When aship left its station, it could be a long time before word passed
between the two.

The potential tactical power of wireless communications was not
lost on the world’s navies. In the final months of the 19*" Century, the
U.S. Navy had demonstrated its first wireless communication using
equipment built by the Italian radio pioneer Guglielmo Marconi. A
year later, Marconi would dazzle the world by achieving the first trans-
atlantic radio communication. By 1915, the year NRL was conceived,
radio transmitting and receiving equipment was proliferating on Na-
val vessels and on much newer types of airborne vehicles, including
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aircraft and dirigibles. All of this radio equipment remained in early
stages of development and was beset with limitations in range, qual-
ity of reception, and user-friendliness.®

It would have been nice if the Navy could have ridden the radio
wave that was sweeping the land. When NRL opened its doors, public
interest and commercial investment in radio broadcasting was in a
rapid ascent. In these early days of radio, commercial development
sensibly focused on the vast market for home radios. For one thing,
the Navy had specialized communication needs including compact
and mobile transmitters suited for a fleet of far-flung seagoing ships
and submarines and aircraft whose constraints were even more pro-
nounced. And given the Navy’s role in the world, Navy brass wanted
radio systems capable of providing private, rather than public, com-
munication whose whole point was to reach whoever wanted to lis-
ten. The specialized needs meant that any development costs borne
by industry to develop Navy equipment would likely gather far less
return on the investment than would be possible in civilian-based

Louis Gebhard was one of NRL's early radio engineers.To his left is one
of the Navy's first high-power, high-frequency radio sets that Gebhard
designed for the dirigible Shenandoah.
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markets. Moreover, the Navy was downsizing and so it represented a
much smaller and less promising market.

The “consolidation of the Navy’s research and development ac-
tivities at NRL in 1923 made the Laboratory the Navy's sole in-house
organization with full responsibility for advancing the Navy’s radio
capability, with little outside assistance,” according to Louis Gebhard,
one of the original radio engineers at NRL who also would achieve
the status of an eminent elder.* Even before NRL opened, he had
worked with Taylor at the Great Lakes Naval Radio Station when they
were both serving there in the Navy Reserve. Taylor, a Chicago-born
physics professor before WWI, joined the Naval Reserve in 1917 and
by 1923 had risen to become the Navy’s leading radio scientist. The
two of them, Gebhard and Taylor, remain forever connected at NRL
at the intersection of two campus roads named after them.

Besides Taylor, who was the sole physicist, head of the Radio Di-
vision, and an “ideas man,” according to Gebhard,> most of the origi-
nal employees in the division were people more inclined to put ideas
into hardware; that is to say, they were engineers. Those pushing the
frontiers of radio technology resembled today’s computer aficiona-
dos. Many of the radio men at NRL had grown up fiddling with wire
induction coils (that could drive speakers), quartz crystals for select-
ing frequencies, batteries, electron tubes (to amplify tiny signals from
the crystals), antennae; in other words, the guts of radios.

In these first decades of the 20" Century, the anatomy of technol-
ogy was more self revealing. Knobs turned, metal touched metal, di-
als swung from number to number, parts moved. The ways things
worked were more obvious than in present day technologies in which
so much action takes place as invisible electronic flows coursing
through microscopic components packed inside thumbnail-sized
chips. It was with their tools in hand and radio parts all asunder that
many in the Radio Division had developed an intuitive relationship
with the unseen electromagnetic waves that are the essence of radio.

When work was starting at the Laboratory, Taylor made a fateful
decision about the direction the Radio Division would take. That move
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would end up helping to pull the Laboratory out of the tenuous ‘20s
when funding remained minimal and survival was not even guaran-
teed. “Probably the most important service of the Radio Division in
the early days was the ‘selling’ of the high-frequency programs to the
Navy, and, indirectly, to the radio communication industry,” Taylor
later assessed. The real buy-in from the Navy's Communication Ser-
vice was won when Leo Young, who previously with Taylor had ob-
served the radio reflections off of the Dorchester, showed that a 50-
watt high-frequency transmitter (the power of a single light bulb) could
outperform a gargantuan 250,000-watt long-wave transmitter at An-
napolis in the task of communicating with Navy facilities in the Ca-
nal Zone.®

Taylor’s initial decision to focus on high-frequency technology at
first seems arcane. Radio pioneers like Marconi who were aiming for
long distance transmission found that electromagnetic radiation of
low frequencies was more practical than high-frequency radiation for
broadcasting radio signals. Lower frequencies were easier to produce
to begin with and also to amplify on the receiving end. Taylor opted
to buck the trend. He directed his men toward higher frequencies.
The move won him early skeptics amongst his funders at the Bureau
of Engineering who knew how erratic both transmission and recep-
tion were at these frequencies; the quality of radio communications
actually depended on what time of day or year it was. On the other
hand, the energy carried by higher frequency radiation seemed to dis-
sipate faster, so it held promise for more secure ship-to-ship commu-
nication that unwanted listeners further off would not be able to re-
ceive.

Part of this trend-bucking decision, however, was made for Tay-
lor, not by him. Despite Navy objections, the commercial radio broad-
cast industry had won control of the lower frequencies between 550
kHz (kilohertz: thousand cycles per second) and 1.5 MHz (million
cycles per second).

Still, part of Taylor’s decision was a leap of faith into unfamiliar
frequencies. “Although, we did not see the tremendous possibilities
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[beyond expected gains in areas such as ship-to-ship communications]
for the use of high frequencies in the field of naval communications,
we did see that they would certainly be extremely valuable, provided
we could sufficiently stabilize transmitters and receivers to make use
of such frequencies practical under naval conditions,” Taylor later re-
called.”

Taylor's penchant for the higher frequencies had additional roots
in an earlier time in 1922 just months before NRL officially opened
up. At the time, he was at the Aircraft Radio Laboratory at the Naval
Air Station in Anacostia, just upstream from the construction going
on at the Bellevue site that was to become NRL. There he worked
closely with Young, then a 31-year-old radio engineer raised in Ohio.
Like Gebhard, Young
joined the Naval Re-
serve and ended up
working with Taylor at
the Great Lakes Naval
Radio Station before
coming to NRL. To
enter radio territory of
ever higher frequen-
cies, Taylor and Young
tweaked circuits, am-
plifier tubes, and any-

thing else that might
seem to help. All
kinds of technical dif-
ficulties arose in going
to higher frequencies,
not the least of which

was amplifying the

Leo Young stands by a high-frequency transmitter whose
novel crystal frequency control system enabled commu-
nication between Australia and Washington, DC. high-frequency sig-

comparatively weaker
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nals with enough fidelity so that they could reproduce the intended
transmitted signal.

Making the task seem doable to Young was a new device, which
became known as a superheterodyne. Young had read about it in a
technical paper published in 1921. After reading the paper, Young,
who had been building his own radio sets since 1905 when he was 14
years old, made a copy of the device. In a receiver, a superheterodyne
could convert hard-to-amplify high-frequency signals to lower frequen-
cies, which were much easier to amplify. The “device gave us a won-
derful tool for developing receivers for the higher [frequency] band,”
Taylor recalled.®

The radio men were now set to bushwhack into new radio terri-
tory. When still at the Naval Air Station, Taylor and Young field-tested
a high-frequency (60 MHz) transmitter and a portable receiver they
had built as part of their general search for new frequencies, or chan-
nels, that would be of use to the Navy. They noticed something that
would prove to be spectacularly important.

The first clues came from experiments in which the two radio sci-
entists took the receiver for a car ride around the station. Not only
could obijects between them and the transmitter block transmission
completely, but buildings reflected the radio waves. The reflected sig-
nals would fade in and out as the antenna accepted the invisible se-
ries of electromagnetic peaks and valleys of the reflected radio waves.
Still, with all of those buildings of different sizes and shapes, there
were a lot of reflections at a lot of different angles and it was difficult
to see what was going on.

To get a cleaner picture of the signal pattern, Taylor and Young
drove their receiver to nearby Haines Point, a tongue of land (now
known as West Potomac Park) at the confluence of the Potomac and
Anacostia Rivers. With only a half-mile of water between them and
the transmitter, they figured there would be little to interfere with
their radio waves. When they put the receiver onto the sea wall away
from trees and other potential direct obstructions, they indeed re-
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ceived good solid signals. Then they noticed something odd. “We
began to get quite a characteristic fading in and out—a slow fading in
and out of the signal,” Young later recalled. “It didn’t take long to
determine that that was due to a ship coming up and around Alexan-
dria.”® Radio signals from the transmitter across the river were bounc-
ing off the wooden steamship Dorchester and into the receiver at Haines
Point.

This “detection of moving objects by radio,” as the men first de-
scribed the general technique destined to become radar. It was an
idea that several independent groups around the world were inde-
pendently happening onto. Their respective work subsequently would
undergo intense, parallel development in secret to become a military
technology that was pivotal to the outcome of World War 1.

The idea of using radio for more than just communication was in
the air in the early 1920s. Just a month before the Haines Point ex-
periment, for one, Marconi reported he had observed the reflection
of “electric waves” from metallic objects and that such reflections might
become the basis of detecting and tracking ships.®® He later would
become involved in radar development in Italy.

Within days of their own observations, Taylor shot a letter off to
the Bureau of Engineering asking for further financial support. He
believed the radio technique could be developed so that Navy ships
at sea could use it for detecting enemy vessels. “Possibly an arrange-
ment could be worked out whereby destroyers located on a line a
number of miles apart could be immediately aware of the passage of
the enemy between any two destroyers in the line, irrespective of fog,
darkness or smoke screen,” Taylor suggested to the bureau in his let-
ter. The bureau did not bite.

Taylor and Young shelved the radio detection project. Several
months later, they packed their gear and moved to their new profes-
sional home at the Naval Research Laboratory where Taylor became
chief radio scientist of the Radio Division. Young and Gebhard be-
came top assistants.
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The Radio Division’s primary role in life throughout the 1920s
amounted to doing whatever design and development work was nec-
essary to get high-frequency radio equipment into the Fleet. This meant
the staff had to work in several areas: antenna development, frequency
control tactics, electron tube technology, and new power generation
techniques. As the division worked these problems out and built pro-
totypes, specifications for production models went out to private com-
panies like the Radio Corporation of America (RCA) and Westinghouse
Electric and Manufacturing Co. The military-industrial complex is not
new.

This task was squarely within the realm of engineering, but the
task of bringing high-frequency systems into dependable operational
condition also ushered the Radio Division into basic science. It was a
case in which a specific task of technology development drove the
researchers to ask scientific questions whose answers might lead to
new technology whose behavior, in turn, might lead to new scientific
questions. That mutual bootstrapping of science and technology would
become an NRL trademark.

To harness high frequencies for radio technology the Navy could
depend on, there were basic mysteries about the behavior of radio
waves that researchers had to solve. For one thing, they needed to
better understand the environmental factors that, for better or worse,
affect high-frequency radio waves as they propagate from the trans-
mitters to receivers. They needed to understand the limits and char-
acteristics of the waves’ propagation at different times of the day and
year, and at different frequencies.

These basic questions brought the Radio Division face-to-face with
the upper reaches of the atmosphere, which theorists for 20 years had
been suggesting could become electrically charged and thereby func-
tion like a mirror for radio waves.

The idea of an upper-atmosphere radio mirror made general sense
of some remarkable observations and feats. For one thing, Marconi
had sent radio signals clear across the Atlantic in 1901, which meant
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radio waves somehow were bending around the curvature of the Earth
instead of reaching the horizon and then “falling off the Earth” by
continuing forward at a tangent toward space. Over the next two de-
cades, theorists worked on explanations for this Earth-hugging prop-
erty of radio waves. By 1924, the British scientist Sir Joseph Larmor
had developed a mathematical model of radio wave reflection in which
free electrons in the upper atmosphere comprised a “conducting layer”
that worked like a radio mirror. This conducting layer become known
as the ionosphere.

Meanwhile, Taylor and his NRL colleagues had been making some
remarkable observations of long distance transmission of high-fre-
quency radio waves. With help from a network of globally scattered
radio amateurs who could report back to NRL by postcard, the NRL
scientists found that a signal could reach a distant receiver while skip-
ping past receivers in between. “Skip distances” is what Taylor called
the gaps of radio silence. Larmor’s theory was relevant, but it could
only explain reflection of lower frequency radio signals.

In an exercise of pure physics, Taylor teamed with Edward O.
Hulburt, who had just arrived at NRL from Johns Hopkins University
to head the Laboratory’s first new division, the Heat and Light Divi-
sion. The two aimed to develop a more generalized mathematical
account of the ionosphere that would explain propagation of both
low- and high-frequency radio waves. Hulburt later credited this work
with putting NRL on the scientific map because its significance went
beyond technical details of military communication and into the realm
of basic science. Much later, a panel of the American Physical Society
would rate this work as one of the 100 most important applied re-
search papers of the century.'?

Even before Taylor and Hulburt published their theoretical work
on ionospheric reflection in 1926, Young and Gebhard had been
drawn into the ionosphere research community by Gregory Breit and
Merle A. Tuve, who were major players in the field at the nearby
Carnegie Institution of Washington. By using the atomic lattice of a
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quartz crystal to stabilize otherwise unsteady oscillations within the
radio transmitter circuitry, Young and Gebhard had built a state-of-
the-art transmitter whose high-frequency emissions were uniquely
unwavering. For Breit and Tuve, that constancy was the key to confi-
dently measuring the height of the ionosphere. They had access to
other transmitters, but the emission frequency of these fluctuated.
For them, transmitters flawed by these fluctuations were akin to using
aruler with drifting length markings. With Young and Gebhard'’s stable
high-frequency transmitter, the Carnegie duo was able to determine
that the ionospheric height varied both during the day and the time
of year within a range of 55 to 130 miles.

Give scientists an inch and they want a mile, of course. To look at
the upper atmosphere with radio waves was to know there was some-
thing in nature that was very interesting but still out of direct reach.
The radio measurements, after all, remained an indirect means of prob-
ing the ionosphere. When word about William Goddard’s pioneering
experiments with rockets started circulating in the late 1920s, the upper
atmosphere seemed to get closer to forward-looking researchers. In
the Spring of 1927, Breitand Tuve along with Hulburt of NRL, started
to drum up support in the Navy, Army, and elsewhere for the possible
development of rockets that could reach the upper atmosphere. They
reasoned that the military might fund development on the gamble
that ordnance-tipped rockets could conceivably supplant the need
for big and tremendously expensive long-range guns. And if that were
s0, the rocket-based means of delivering ordnance to an enemy could
also serve as the means to bring the tools of scientists higher in the
sky than they ever had been before.®

Though it would take almost another 20 years before rocket-based
atmospheric research got off the ground, the interest of Hulburt pre-
saged what for NRL would literally become a cosmic journey that
would only begin with the upper atmosphere and go upward and
outward from there. What started as an engineering task to develop
new communications tools for the Navy forced NRL radio scientists
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to look upward at an atmosphere whose properties were hardly known.
The mysteries of the atmosphere happened to entangle with the radio
waves the Navy researchers were learning to exploit. This entangle-
ment, in turn, would help turn NRL into one of the most important
pioneer outposts of the Space Age.

As the Radio Division looked beyond its vacuum tubes, circuitry,
and antennae toward the upper atmosphere, NRL's other original di-
vision, the much smaller Sound Division, was directing its attention
downward toward the vast oceanic arena of “the hidden enemy”—
submarines. The division
initially consisted of two
men: Harvey Hayes and
O.E. Dudley. Hayes had
been working on submarine
detection and other sound-
based tools such as the
Sonic Depth Finder with a
group of scientists at the
Navy Engineering and Ex-
periment Station in An-
napolis. After he and

Dudley established the
Sound Division beachhead Harvey Hayes was head of the Sound Division
when the Laboratory opened and would oversee
at NRL, the group grew e development of much of the basic sonar
slowly, one man at a time, technology that was state of the art throughout

until it leveled off at about  \WerldWarll
a half-dozen researchers. Their primary aim in life was to develop

more capable means of detecting and tracking submarines.

The terror and carnage wrought by submarines during World War
| was part of the reason NRL was conceived in the first place. Technol-
ogy for detecting submerged submarines was extremely limited. It
consisted mostly of sailors listening to the audible sounds of the sea
picked up by stethoscope-like underwater microphones called hydro-
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phones. At best, a listener could tell the direction from which a sub-
marine sound was coming, but not the sub’s distance. A hydrophone-
equipped submarine resting silently, and therefore invisibly, on the
bottom actually would be in a better position to detect a sub-search-
ing surface ship than the other way around.**

Moreover, if the surface ship was moving faster than about 6 knots
(merely a jogging pace for a weekend runner), its own cruising noise
would feed into the hydrophones and drown out any submarine
sounds. As a result, listening only made sense in slow-moving ships
whose sluggish pace rendered them more vulnerable to torpedo at-
tack. Though Hayes and others developed various hydrophones while
working for the Navy in New London, Connecticut, late in the Great
War, hostilities ended with essentially no reliable means of detecting
the thoroughly demonstrated military menace that submarines pre-
sented.

After the submarine detection work was relocated to Annapolis,
Maryland, Hayes came to the conclusion that devices listening pas-
sively to underwater sound in the audible range would never com-
pletely solve the problem of submarine detection. When he, Dudley,
and a few truckloads of equipment arrived at NRL in April, 1923,
they brought with them this challenge: to develop a sound system
that the Navy could use for determining a submarine’s bearing and
distance from echoes of inaudible, high-frequency (ultrasonic) sig-
nals deliberately piped into the sea. In short, they were out to invent
an active listening system that later would became known as sonar, a
hybrid of three words: sounding, navigation, and ranging.

A technical key to this challenge had already been supplied by
several French researchers. In the 1880s, Pierre (who would marry
Marie Sklodowska 15 years later) and Jacques Curie reported observ-
ing a curious property in quartz crystals. They found that mechanical
stresses, such as pressure waves associated with sound transmission,
applied to the crystals resulted in a voltage generated across the crys-
tal, a phenomenon that became known as piezoelectricity. That means
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a piezoelectric crystal can detect sound. It can “listen.” When imping-
ing upon a piezoelectric crystal like quartz, a rapid series of fluctuat-
ing pressures moving through air or water (which is one way of de-
scribing sound) generates a corresponding train of subtle mechanical
stresses and, thereby, a corresponding sequence of fluctuating volt-
ages that can drive an oscilloscope, audio speaker, or a gauge’s needle
indicator.

A piezoelectric crystal also can “talk.” Apply a fluctuating voltage
across the faces of the crystal and it will oscillate mechanically. This,
in turn, generates sound in the medium hosting the crystal. To gener-
ate ultrasonic sound with a piezoelectric crystal, all the NRL scientists
needed to do was drive the crystal with an electric circuit that oscil-
lates at the desired frequency.

There was precedent for this task. During World War I, the French
physicist Paul Langevin and coworkers sandwiched thin piezoelectric
quartz crystals between steel plates to build high-frequency transmit-
ters. Although, these never saw war duty, commercial vessels began to
use them for rough depth soundings in the early 1920s when Hayes
was still in Annapolis.*® When the Sound Division began work with
quartz-based devices, no one knew what frequencies would work best
in the ocean or how to get enough power out of the ultrasonic sound
projectors to detect submarines at sufficient distances.

Just as in the Radio Division, technology and science quickly fed
on one another in the Sound Division. To determine optimal fre-
quencies for detecting submarines, the division conducted many field
tests covering a large range of ultrasonic frequencies from those just
above the audible level (20,000 Hz) up to about 100,000 kHz. Many
of these tests were carried out in the Chesapeake Bay from a Navy
coal barge. The barge had been converted for sound research by the
addition of an oblong well in the middle into which sound projec-
tors and microphones could be placed.

By 1928, the division was ready to test a couple of the quartz-
crystal units in a more realistic naval setting. Hayes and three col-
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leagues went down to Key West, Florida, where they installed the units
on two submarines. At times, the equipment on one submarine ob-
tained echoes suggesting the location of the other submarine. More
often, however, the researchers were humbled by the curveballs na-
ture threw them.

The ocean may appear to be a vast body of water without physical
boundaries, but it is far from that within the context of sound trans-
mission. Hayes and his colleagues learned just how confounding oce-
anic venues can be. The ocean is riddled with different territories
marked by different temperatures. The horizontal or vertical bound-
aries separating these territories can act like mirrors to sound. Ultra-
sonic sound impinging at the boundaries of these strata bends to dif-
ferent degrees or scatters into a useless haze or even to silence. Hayes
and his team could see from their many tests that pushing acoustic
technologies for detecting objects in the oceans would require more
than making piezoelectric transducers. It also would require thor-
oughly knowing the environment. Interpreting underwater sound
would require basic underwater acoustic research and oceanography.
In submarine detection, therefore, the medium had become an inex-
tricable part of the message.

Even before this realization of the need to push forward the basic
scientific understanding of the naval environment , another technical
issue springing from ultrasonic detection launched what would be-
come a pursuit of ubiquitous importance to the evolving NRL. The
issue at hand was a search for new, better, and more capable materi-
als. The Sound Division knew that if piezoelectric crystals were going
to become the basis of underwater detection for the world’s military
and civilian fleets, then the demand for good quality quartz crystal
was going to skyrocket. The only known supplies of such crystals were
in Brazil and Madagascar, faraway places that could easily become cut
off in the event of war. So critical was the crystal supply issue that the
Laboratory’s military director himself, Captain Edgar G. Oberlin, trav-
eled throughout the country in search of a source of quartz crystal
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that could supply the one-inch square slices then needed for the trans-
ducers.

It fell onto the shoulders of Elias Klein, a new hire to the Sound
Division in 1927, to solve the quartz supply problem. Born in Poland
in 1888, Klein earned a PhD in physics from Yale University in 1921
and taught in the Physics Department of Lehigh University in
Bethlehem, Pennsylvania before Hayes hired him into the Sound Di-
vision. Klein’s task: to develop a synthetic piezoelectric crystal supe-
rior to any others.®

Other scientists previously had found that a more complicated
crystal known as Rochelle salt had a far more powerful piezoelectric
property than quartz. It was one of the crystals that the Curie brothers
had used in their original work on the piezoelectric phenomenon.
After the Great War, Rochelle salt was becoming the stuff of phono-
graph pickups, microphones, loudspeakers, and other gadgets requir-
ing electromechanical material. That included underwater sound
equipment. It turned out Rochelle crystals were better at detecting
underwater sound than quartz crystals even when the latter were ten
times larger. What's more, the synthetic crystals were sensitive enough
to distinguish sounds of a submarine propeller from those of a search-
ing ship. They were also good at generating underwater sound—those
famous “pings”—which meant they could work in active, echo-rang-
ing tasks as well as in passive listening devices.

Rochelle salt had its downsides, however. For one thing, it dis-
solves in water. That's no small problem when underwater technol-
ogy is at issue. For them to be useful, Klein had to find some way of
encasing the material without simultaneously preventing sound from
coming into or out from the crystal. He was convinced that some
kind of rubber material could be found or made that would serve
both as a sound window and as a protective housing for the crystal
transducers. He, in turn, convinced the B.F. Goodrich Company to
take on the problem. They responded with a new kind of rubber,
rho-c.*’
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Piezoelectric transducers using quartz and Rochelle salt became
the heart of an early generation of Naval underwater detection sys-
tems. In 1928, the NRL extensively tested their so-called XL equip-
ment, which consisted of slabs of quartz crystal cemented between
steel plates. They found it could detect submarines by actively send-
ing out and listening for echoes only at distances of about three-quar-
ters of a mile. Over the next few years, the group developed the Roch-
elle-salt-based JK equipment with a roughly three mile detection range
based on passive detection of propeller noise.

Hayes summed up the Naval meaning of these two systems. “The
combination of XL and JK, perfected by 1932, represented a distinct
advance in antisubmarine equipment, since the JK could be used dur-
ing search operations to discover and bring a target within range of
the XL, which then took over and directed the attack.™8

These early systems enabled Naval personnel to get a feel for the
type of equipment that would remain central to Naval operations ever
since. However, the gadgets that came out of this work did not remain
state-of-the-art for long. For one thing, by the mid-1930s, Hayes’ team
was able to combine the functions of the XL and JK systems into a
single more capable system known as the QB. Improved versions of
the QB “played a stellar role in the Battle of the Atlantic,” Hayes would
recall after World War 11 had ended.

Even as the piezoelectric-based technology was emerging, a com-
pletely different class of transducer materials came to the Sound
Division’s attention. At Harvard University, G.W. Pierce had shown
that some materials will mechanically deform in the presence of a
magnetic field. By controlling the magnetic field, therefore, these so-
called magnetostrictive materials could be made to oscillate as an ul-
trasonic speaker. Conversely, these materials respond to incoming
sounds by generating an oscillating magnetic field, that could be con-
verted into an electrical signal. Like piezoelectric materials, magneto-
strictive materials can talk and listen. These materials, rather than pi-
ezoelectric quartz or Rochelle salt, became the heart of early standard
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detection systems for destroyers made by the Submarine Signal Com-
pany.t®

This work by the Sound Division on transducer materials, the elec-
tronic components that drove them, and the conversion and inter-
pretation of raw signals into interpretable information became the
basis for most of the sonar equipment that would end up in critical
service during World War Il. “Intensive work was carried on during
the war which resulted in numerous improvements, but no funda-
mentally new sonar systems actually got into antisubmarine opera-
tion,” wrote Taylor.?

NRL'’s first two divisions, Radio and Sound, were born with an
established constituency in the Bureau of Engineering and with a clear
sense of what they needed to achieve—wireless communication equip-
ment and better tools for detecting submarines. In expediting these
technology development tasks, researchers in these divisions some-
times found they had to delve into basic science as well. Because the
ionosphere is a major player in any high-frequency radio equipment
intended for long range communication, the Radio Division had to
study the upper atmosphere if it wanted to give the Navy reliable high-
frequency communication equipment. Likewise, researchers in the
Sound Division had to ask questions about the relationship between
ocean water and sound propagation.

In 1924, the Laboratory added its first new division. Unlike Sound
and Radio, the new Heat and Light Division was born with basic sci-
ence in mind. It had no natural link to any particular bureau of the
Navy, so its funding at first came entirely from the meager Congres-
sional appropriation supporting the Laboratory’s operation. In 1924,
that amounted to $100,000 for the entire Laboratory. But this inde-
pendence also meant the new division would have more freedom in
selecting the problems it would pursue. In its first years, the division
consisted of Edward O. Hulburt and three assistants.?

Hulburt was born in South Dakota in 1890 but moved to Balti-
more after his father got a job as a mathematician at Johns Hopkins
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University. By 1915, he had
earned all of his college de-
grees at Hopkins. His doc-
toral work was in optical
physics, a field for which the
university was then world re-
nowned. During WWI he
worked at the Army’s Signal
Corps Radio Laboratory in
Paris. There, he and his co-
workers would build various
radio setsin an old house in
the Latin Quarter and then
immediately bring them to

Edward O. Hulburt, shown here in a 1947
photograph, joined the Laboratory in 1924 to the troops on the front lines.
hgald. the then newly formed Heat and Light If the equipment worked
Division. Two years later he would coauthor a

paper with A.H.Taylor that helped push radio well enough, they would
technology while simultaneously revealing send specifications to manu-

fundamental properties of the ionosphere. facturers to have thousands

of sets made. With that background, Hulburt was a kindred soul of
those in the build-test-and-ship mode in the Radio Division.?

Like many subsequent NRL hires, Hulbert got his job after NRL
staff sent letters to contacts in industry and academe in search of top-
notch candidates. A professor at Hopkins recommended Hulburt. He
got the job and became the first at NRL to be turned loose unencum-
bered by any mandate to pursue specific problems of interest to some
bureau. Given the breadth of Naval operations, however, Hulburt
would have been hard-pressed to find an area in physics that was not
somehow relevant to the Navy.

One of the first major projects Hulburt set his new division onto
was measuring the atmospheric transmission and absorption of all
optical wavelengths of the electromagnetic spectrum ranging from
the invisible infrared through all of the visible colors and into the
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ultraviolet range. Moreover, Hulburt and his colleagues made these
measurements at different times of the day and under various meteo-
rological conditions.?® There simply was no other way of getting a
database on the most general behavior of light in the atmosphere.
This work eventually would feed into all kinds of Naval applications
areas, ranging from the colors and shapes of signal flags, to Naval
camouflage, to detector technology, to the choice of blue lights for
nighttime at-sea operation.

Taylor’s work on long-range transmission of shorter radio waves
also caught Hulbert's eclectic attention. Hulburt later recalled Taylor’s
method: “Taylor and other amateurs were discovering skip distances
just by calling in the dark and seeing who answered. He'd say, ‘stand
by boys, I'm working tomorrow night on three meter [radio] waves.
What do you hear? Send me postcards.”?*

Taylor was a radio man and Hulburt was an optics man. So to
Hulburt, radio waves were merely much longer versions of the optical
wavelengths of the electromagnetic spectrum that he had come to
know intimately during his graduate school days. The same rules of
reflection that apply to optical wavelengths ought to apply to radio
waves, he reasoned. From the skip distance data that Taylor and oth-
ers at NRL had been accumulating for several radio wavelengths,
Hulburt and Taylor were able to infer much about the upper atmo-
sphere and thereby to account for the otherwise cacophonous data
on radio propagation.

What they knew from the network of amateurs was that the aver-
age skip distances for radio wavelengths of 16, 21, 32, and 40 meters
were 1300, 700, 400, and 175 miles, respectively.?®> The longer the
wavelength, the shorter the skip distance.

Building on earlier theoretical work by others, they assumed that
the atmosphere contained free electrons whose population could vary.
The general picture they derived was of an ionosphere composed
largely of free electrons whose population and thickness at different
parts of the world depended on the amount of solar energy reaching
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it. The amount of solar energy varied over the course of a day and
night, over seasons, and even over cycles of many years. So the iono-
sphere over anyone’s head was constantly changing. It was as though
the radio mirror were constantly being raised or lowered. Part of the
challenge with high-frequency communications, therefore, was to have
to shift frequencies to accommodate these ionospheric vicissitudes.

From this work, Hulburt and Taylor were able to predict the be-
havior of different wavelengths and they could explain the fading of
radio signals to interference. They published their work in 1926 in
the journal Physical Review.? Besides helping the Navy guide its use of
high-frequency radio communication lines, this work was put to quick
use during the 1929 flight over the South Pole by Admiral Richard E.
Byrd. For several legs of his 1440 kilometer flight, Admiral Byrd used
a high-frequency aircraft radio system built specially for the mission
by the Radio Division and he used three operating frequencies cho-
sen in accordance with the newfound knowledge about the iono-
sphere.

In the 1920s, the NRL team was one of several around the world
that were simultaneously unveiling the personality of the ionosphere.
For their part, Hulburt’s and Taylor’s 1926 paper stands as one of the
seminal publications in the field. In providing a more thorough theory
of the ionosphere, it was a contribution squarely within the arena of
basic science. In providing a means for the Navy to determine how to
use high-frequency radio communication more effectively, it was a
practical contribution to the Navy’s operational capabilities. It was
the perfect mix of basic science and military technology in one.

Heat and Light, the name of Hulburt’s division, covers a lot of
ground. It stands to reason that the division quickly got its hands into
widely divergent projects. One research program begun in 1925 falls
under the category of engineering research. The idea was to build
models of ship components and other Naval structures out of trans-
parent plastic and then to apply known mechanical stresses to these
models. These stresses affect measurable properties (such as the po-
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larization) of light passing through such models, a phenomenon
known as photoelasticity. From these photoelastic measurements, the
division researchers could determine the concomitant internal strains
throughout the plastic model. And since the results from the model
depended on the structure and not on the model’s material, this
photoelastic method provided a convenient way of experimentally
determining internal strain levels within even huge iron or steel ship
components in which direct measurements were not possible. This
work later transferred to the Navy’s David Taylor Model Basin, an older
Navy laboratory devoted to ship engineering studies and located just
north of Washington, DC.?"

One particularly consequential new hire into the division in 1928
was Ross Gunn. The range of his initial work included the engineer-
ing and design of new portable electric field meters and amplifier
systems for infrared detection equipment as well as scientific investi-
gations of magnetic and electrical phenomena of the Sun and Earth,
which also figure greatly into radio communication.?® In 1939, 11
years after his arrival at NRL, Gunn would usher NRL into what be-
came a crucial and lasting role in the establishment of the Nuclear
Age (see Chapter 6).

The scope of NRL again expanded in the later 1920s and early
1930s as several more institutional saplings were planted. Some of
these, most notably the Division of Physical Metallurgy and the Divi-
sion of Chemistry, would grow into enormous research trees with
branches spanning the scientific and technological landscape. Oth-
ers, like the Ordnance Section, which was funded by the Navy’s Bu-
reau of Ordnance to look into tightly specified engineering problems,
would see the light of day for awhile and then recede, be absorbed by
other divisions, or disappear entirely. Even in the Laboratory’s early
years, the organizational chart would undergo frequent changes re-
flecting the various internal and external forces governing the percep-
tion of the Laboratory’s place in the Navy.

One of the more robust new saplings was planted on September
1, 1927, when the Division of Physical Metallurgy joined the Radio,
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Sound, and Heat and Light Divisions. The Navy is metal from stem to
stern, from port to starboard, from wing tip to wing tip, from breech
to barrel. Ore becomes metal becomes slabs and rods and sheets. These
have to be bolted and welded and connected into ships and guns and
shells and helmets and armor and thousands of other Naval accou-
terments that have to serve reliably in bitter dry cold places or in moist,
tropical settings, all the while in near or direct contact with the salty
and notoriously corrosive medium known as ocean water. Moreover,
many of these metal objects need to withstand metal-on-metal rub-
bing, constant vibration, and intermittent shocks of massive force
without rattling apart into uselessness.

To look at a rocky mountain of ore and then at the massive ships
that come of it is to realize that practical experience by metal workers
over the past few millennia has achieved much. But getting metal to
perform in ever more capable ways so that it makes a difference in the
outcome of a 20" Century military war meant getting down to the
physics of metal. The Division of Physical Metallurgy was established
to do just that.

The division started with six full-time staff. Leading them was
Robert F. Mehl, who had been a research fellow at Harvard University.
As Mehl later recalled, Harvey Hayes of the Sound Division and a
Harvard man himself, asked a friend on the Harvard staff if he knew
of anyone who might want to come to NRL to head one of two new
divisions slated to begin operations. Mehl’'s name came up. When
Commander Oberlin, NRL's assistant director, met with Mehl at NRL
soon thereafter, he hired the young scientist on the spot.?° There was
no need for a personnel office while an Old Boy network like this was
in operation.

In keeping with a trend set by the other divisions, the earliest
projects in Mehl’'s humble fiefdom at NRL were split between basic
science and applied work. The Bureau of Engineering, then the largest
source of funds within the Navy for the Laboratory, was the division’s
main customer. One of its early requests was for the new division to
look into new alloys for antennae wires on ships. On this task, the
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new division worked with the Radio Division in testing a large series
of alloys. It was a humble foreshadowing of the way NRL could put
together different types of expertise to solve problems for which less
well-rounded approaches would fall short or fail.

The division also took on a set of more fundamental studies into
the internal structures (phases) in metal that determine important
material properties such as hardness, malleability, toughness, brittle-
ness, and weldability. More specifically, Mehl focused this more sci-
entific work of the division on the then-unknown mechanisms by
which phases change in metals and alloys. Phases are domains within
materials characterized by either a specific chemical composition or
by specific crystalline or noncrystalline arrangements of those chemi-
cal compositions. Knowledge of these phases and the mechanisms by
which they form becomes the basis for more intelligent decisions about
what alloys to use for specific purposes, how to prepare and process
them, and how the properties of these alloys might change over time
under specific operational conditions in the Fleet. The papers that
came out of these studies contributed to a young but growing body of
worldwide knowledge that at the time was unlocking the internal
mysteries of what made metal stay good and what made it go bad.

Some of the work straddled the categories of basic science and
engineering. Very soon after Mehl arrived, it occurred to him that the
Navy in particular could use ways of inspecting their metal castings
for ship construction without having to literally cut into and destroy
samples. This type of inspection goes by the name nondestructive
testing. “The Navy also had a problem of cracks in loaded 16-inch
shells in which I tried to keep my interest quite academic,” Mehl later
recalled.®® At the time, industry was just developing electrical, mag-
netic, and sound-based methods for probing the interiors of metal.
The idea was to infer the quality of the structure inside a piece of
metal from the measurable changes in the electrical, magnetic, or sonic
signals emerging from a sample.

Mehl and division colleague C.S. Barret, who had expertise in us-
ing X-rays for determining the crystalline phases in metal samples,
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decided to see if they could use a radioactive substance like radium
(which was then a hot anti-cancer tool in the medical community) to
reveal flaws in both cast and welded steel. The idea was that gamma
rays from the radium would stream through the steel onto a photo-
graphic emulsion. This would produce a shadowgraph revealing the
steel’s inner anatomy, warts and all. And the warts were what was most
important to find. Mehl later described the early foray into this project:

“We did our first experimental work in the basement of
the Howard Kelly Hospital in Baltimore, a hospital which
then owned the largest stock of radium in the world, some five
grams. We used this in the form of small capsules of radium ema-
nation. The work turned out to be quite successful; excellent ra-
diographs were made of a number of objects, including a piece of
12-inch steel.”%

The NRL team wrote up their findings and sent the report to the
Bureau of Engineering at a time when, in Mehl’s words, “the Navy was
experiencing very serious trouble with the stern post castings on a num-
ber of new . . . heavy cruisers, particularly the Chester and Augusta.”? It
was not lost on the department that the new method might help solve
the problem. Mehl recalls what happened:

“Accordingly, Barret and | procured radium from the Howard
Kelly Hospital and went to the Norfolk Navy Yard where the
Chester was in dry dock. The stern post casting was a shell cast-
ing (a hollow cylinder) about 1¥4-inch thick, sitting, of course, on
the stern of this cruiser, above the rudder. The Chester had been
out to sea, and in its trials, the stern post casting had cracked and
had then been welded at the Brooklyn Navy Yard, but much doubt
was left in the minds of the department as to its serviceability,
indeed, as to whether it could go to sea again with this repaired
casting in place.” %

The two scientists took dozens of radiographs, which indeed were
revealing. Recalled Mehl: “They show the castings to have been very
badly made, to have been full of blow holes and shrinkage casts and
showed also that the welding which had been done was quite inad-
equate to remove the faulty metal.”3*
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The aftermath of this was astounding to the 30-year-old scientist.
After briefing a large collection of admirals and captains about the
radiography results, he was asked if the 120,000 ton Chester ought to
be put to sea. Though feeling under-ranked to say so one way or the
other, he said no. Later, during a sea trial, the sternpost of the Chester
broke again and it had to be towed back to port. In the end, all ten
cruisers of this class ship were modified to preempt the sternpost prob-

With a source of radio-
active radium inside of
this large metal casting,
Robert Mehl and a col-
league place photo-
graphic paper on the
outside.The gamma rays
from the radium pass
through the casting onto
the paper, revealing
details of the casting’s
interior quality and defects.The bottom photo shows how the investigators were
able to use the technique of gamma-ray radiography to examine many objects—
in this case, large plumbing fixtures—simultaneously.
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lem. “I think this work on the Chester was the thing which established
gamma-ray radiography in this country,” Mehl later assessed.3®

The Bureau of Engineering subsequently requested that the Physi-
cal Metallurgy Division take a more systematic look into steel casting.
Enough money came in to hire more people and to equip the
Laboratory’s already impressive foundry with expensive new casting
and metal working equipment including a state-of-the-art electric steel
melting furnace (in which alloys with fewer property-degrading con-
taminants could be made). Some of the work done by division scien-
tists in this period included determining the rate at which molten
steel freezes during castings and assessing the strength of steel at high
temperatures. All of this work was published in the open literature. In
Mehl’s assessment, this body of work helped these men and NRL earn
respect and visibility within the nation’s steel industry.3®

Mehl himself remained at NRL for only four years. In 1931, he left
to take a position first, at the American Rolling Mill Company and,
subsequently, at the Carnegie Institute of Technology in Pittsburgh,
where he would emerge as one of the giant figures in a field that in
the 1950s and 1960s would become known as Materials Science.

In the same fit of programmatic expansion that brought a Divi-
sion of Physical Metallurgy to NRL came the Chemistry Division. Like
fraternal twins, the two new divisions would grow up in the same
house but follow utterly individual and multiply-branching evolu-
tionary paths that would help render NRL one of the most broad-
based research institutions in the country.

The Chemistry Division owes its initial momentum to Com-
mander Oberlin’s success at getting the Bureau of Ordnance to think
of the Laboratory as a place to do business the way the Bureau of
Engineering already had. By the spring of 1927, the Bureau of Ord-
nance had assigned NRL two torpedo-propulsion problems that be-
came the maiden topics for the new division. These were, in the words
of Taylor, a “trial balloon.”%"
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The Chemistry Division began as a heterogeneous mixture of two
small programs already underway at NRL along with several new hires.
Among the latter was Dr. Francis Russell Bichowsky, who left a faculty
position at Johns Hopkins University to head the new division. One
component of the division came from a three-man Ballistics Section
(later the Ordnance Division), which the Bureau of Ordnance had
moved from the National Bureau of Standards to NRL a month after
NRL opened. For the most part, this section acted as a job shop for
the Bureau of Ordnance. Its projects included the development of a
high-speed camera for photographing projectiles in flight, the mea-
surement of pressures in the main gun batteries of battleships, and
work on torpedo-ranging apparatus in collaboration with the Sound
Division.® A second component that became part of the Chemistry
Division was a one-man analytical laboratory run by Milton Harman.®®

The crux of the torpedo propulsion issue at the time was to find
some way of replacing the compressed air that had been used in World
War | torpedoes with something else that would enable the torpedoes
to travel farther, faster, and without a visible surface track. One tech-
nique, which a researcher at the Westinghouse Corporation had been
looking into near the end of World War | for the Bureau of Ordnance,
was to rely on a heat-generating chemical reaction that would convert
water into steam for propulsion. The other tack the division looked
into was to build on an idea of several officers at the Newport Tor-
pedo factory to replace compressed air, which is nearly 80% nitrogen,
with compressed air enriched with oxygen, or even with pure com-
pressed oxygen.* The thought here was that the same volume of oxy-
gen-enriched compressed gas would propel a torpedo much faster,
farther, or both.

The previous attempt at Westinghouse to build an exothermic
torpedo involved the mixing of two hazardous materials—fuels in-
cluding aluminum or alcohol and a substance that would supply the
oxygen needed for combustion—that were hard to handle and prone
to spontaneous explosions. The oxidizer in this case was solid so-
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dium chlorate. Bichowsky thought it better to try two liquid compo-
nents—alcohol for the fuel and the oxygen-jammed perchloric acid
to supply the oxygen.

As in child rearing, the solution often becomes the problem. The
heat generated by this alcohol-acid reaction was intense enough that
it required the development of a new “pot,” or combustion chamber,
which a colleague was able to do on fairly short order. Once the new
chamber was in hand, the pure oxygen torpedo became a straightfor-
ward engineering problem. By 1930, the oxygen torpedo already had
entered a test phase. It demonstrated again how NRL'’s diversity of
expertise could mix and match to solve new and difficult problems.

By that time, early rocket researchers had shown that the combus-
tion of alcohol with the oxygen-rich vapors of perchloric acid—a
cranky and explosion prone reaction—could generate tremendous
thrust. “Furthermore,” Bichowsky noted, “the use of organic perchlo-
rates [more energy-packed chemical variations of perchloric acid]
seemed to offer the possibilities of developing explosives of unheard
power.”# With such tantalizing potential, Bichowsky was able to hire
additional chemists, including Dr. Parry Borgstrom who would come
to head the division.

One of the new hires who would work on this problem was Walter
Rosett. He had a penchant for taking on some of the odder and smaller-
scale problems that would filter into the division. These included the
development of secret inks and fluorescent materials for ultraviolet
signaling. He also ended up stuck with the perilous job of preparing
ethyl perchlorate, a material that looked promising for producing ex-
plosives of unprecedented power. Bichowsky recalled what happened:

“This material was known to be explosive. Every preceding worker
with it had been hurt by its explosion, but we felt that by keeping it
under water we would be the exception . . . We made about 5 cc [a
thimbleful] without trouble and were engaged in measuring its prop-
erties. | had 1 cc and Walter had the remaining, when, suddenly, the 4
cc in Rosett’s hand blew up, and followed a few seconds later by the
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explosion of the 1 cc in my hand. Rosett’s hands were blown to pieces.
He lost a thumb and two fingers on one hand and three fingers and a
part of the fourth on the other hand. | had had time to lower my
hand and the explosion lacerated a palm of the right hand and one
leg.”4?

Bichowsky was not so easily dissuaded from promising leads. Al-
though the explosions led to an official banning of work on organic
explosives, Bichowsky recruited another chemist and together they
secretly repeated the experiments. They learned that by replacing the
pure water that Bichowsky and Rosett had tried with a slightly alka-
line solution, they could handle the perchlorate relatively easily and
safely.*3

As a balance to all of the applied research, Bichowsky at least aimed
to have about one third of his division’s work devoted to basic sci-
ence. He suspected that was the way to create an environment where
young, top-notch scientists might want to come to work, especially at
a time their skills were in demand. One early attempt to work on
basic issues was an investigation into the mechanisms of chemical
reactions occurring inside vacuum tubes. Though basic on the sur-
face, there was a potential technological spin-off in the form of new
types of more energy-efficient tubes for electronic devices.

Before they could build much momentum in that project, how-
ever, a more imminent concern diverted their attention. The subma-
rines of this era carried banks of over 100 battery cells, each one con-
taining a reservoir of sulfuric acid. These batteries intermittently caused
explosions for unknown reasons, sometimes with tragic results.

Bichowsky recalls finding clues to battery explosions while crawl-
ing on hands and knees with E.G. Lunn, a colleague in the division,
in the “smelly hole of a disreputable pig boat,” by which he meant a
submarine. They found that the ventilating ducts were covered with a
spray of sulfuric acid. The slower the ventilation, the more acid there
was. On the bottom of the ducts, there was evidence of many minor
fires. They later showed these were produced by small sparks gener-
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ated when the motion of the ship broke the conducting film of acid.
And with plenty of hydrogen generated from the action of acid on
metal, the elements for fires were well in hand.

This conclusion led to the need to determine the rate of battery
ventilation. Bichowsky described what Lunn came up with:

“ . .. the technique was to get a good [cigar] smoker and have
him, on the signal, puff in a small puff of smoke into the entrance of
the glass tube [associated with each battery cell]. Dr. Lunn, with a
stop watch, would measure the time taken for the smoke to travel
down the tube and, thus, the rate of battery ventilation . . . Eventually,
Dr. Lunn had to invent a chemical cigar smoking machine to furnish
the necessary puffs.”#* He later took on the natural sequel, which was
to find a way to reduce the acid spray from the batteries. Part of the
solution was to supply each cell with its own ventilation rather than
the common ventilation pathway that proved hazardous. Part was to
redesign the batteries.*

Like the torpedo work, this project was very much in the realm of
applied science. Aside from a few small forays into more basic issues
such as chemical reactions in a vacuum, however, the division’s ini-
tial work focused almost completely on short-term problems that their
sponsors in several Navy bureaus needed solved. Besides the several
submarine-related projects, the division’s repertoire diversified into
such areas as the search for anti-fouling paints, better dielectric mate-
rials for making high-frequency radio components, illuminated gun
sights, and ways of recovering water from the exhaust of the engines
of dirigibles (lighter than air vehicles) to compensate for weight lost
to the burning of fuel.

As the Laboratory’s technical scope diversified and expanded
throughout the 1920s, increasing amounts of money from the Bu-
reau of Engineering were funneled into the fledgling NRL. Since the
Laboratory’s administrative location was within the office of the Sec-
retary of the Navy, it was one step removed from direct bureau over-
sight, however. It stood to reason that a new round of questions about
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the Laboratory’s appropriate place in the Navy was bound to arise.
The crash of the stock market in 1929 and the general money con-
sciousness this would produce in every sector of the economy helped
fuel a major soul search at NRL in the early 1930s.



Chapter 4

An Orphan Proves Itself

For all of Thomas Edison’s opposition and bellyaching after the
Laboratory’s overlong gestation during the Great War and the early
1920s, the Laboratory actually opened its doors much as the great
inventor had envisioned it should. Save for a few PhD scientists, the
technical staff was populated by engineers who did not mind getting
dirt under their fingernails. Most of the work was aimed at inventing
new gadgets, rather than adding to what Edison believed was an
already enormous heap of untapped basic scientific understand-
ing.! Moreover, the Naval Consulting Board saw to it that the
Laboratory had a state-of-the-art shop with a staff that could make
just about anything. Although NRL had not become a place where a
submarine could get built from scratch in 15 days, as Edison had once
told Congress the Laboratory ought to be able to do, it had begun
life as a small-scale invention factory not so unlike Edison’s own in
New Jersey.

One of Edison’s main fears did appear to come true, however.
Rather than civilians, Naval officers were at the top of Laboratory
management. Realistically, it could never have been otherwise. It
was the Navy after all that was footing the bill for the Laboratory.
And the whole point of its existence was to keep the Navy at the fore-
front of military technology. Captain E.L. Bennet was the first official
director. But NRL was only one of his many responsibilities and his

65
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office was at the Navy Department, not the Bellevue site. It was
Captain Oberlin, by title the Laboratory’s first assistant director, who
was the hands-on manager of NRL. He made most of the
decisions for NRL during his tenure, which lasted until 1931.

Captain Oberlin was keenly aware of the naturally conflicting re-
lationship his new laboratory would have within the context of the
U.S. Navy. For one thing, NRL would have to answer to its financial
supporters at the Navy materiel bureaus and in Congress. Yet Oberlin
zealously believed the Laboratory needed to defend its autonomy from
any specific bureau. Otherwise,
he feared, it would become just
another Navy engineering facil-
ity instead of the unique broad-
based research Mecca its con-
ceivers had wanted.

Captain Edgar G. Oberlin was the
Laboratory’s first assistant director
and its sixth director proper. Early in
1930, he went head to head against
powerful Navy officers in the Bureau
of Engineering who wanted to wrest
control of the young Laboratory.
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The Laboratory’s initial administrative placement under the Sec-
retary of the Navy, rather than under any particular bureau, helped to
enforce a degree of autonomy. Most of the money for doing research
in the early years of the Laboratory, however, did come from the Bu-
reau of Engineering, which had specific communications and subma-
rine detection problems it wanted the Laboratory to solve.

In spite of these realities, Captain Oberlin championed the cause
of expanding the Laboratory’s technical base into areas of more basic
science for which funds might not be so readily available. The Heat
and Light Division came to be in 1924 only after Captain Bennet re-
luctantly approved its creation on faith that the Radio Division’s Tay-
lor, Hayes of the Sound Division, and Captain Oberlin knew what
they were doing in proposing it.2 The new division had no automatic
constituency in the Navy. The main argument for its creation was that
NRL ought to be able to do any kind of research work so long as it
held some promise to be useful to the Navy. A Navy relies on heat and
light so a Division of Heat and Light was not so outlandish.

Like the Heat and Light Division, the Division of Physical Metal-
lurgy began without bureau support but then quickly proved its worth
with such successes as the gamma radiography revelations of the Navy's
metal casting problems. The start of the Chemistry Division more re-
sembled the Radio and Sound Divisions in the sense that it had Bu-
reau support from the start. In the Chemistry Division’s case, how-
ever, the Bureau of Ordnance played the role of sponsor rather than
the Bureau of Engineering. Although still in its infancy at the end of
the 1920s, the Laboratory had achieved a solid footing.

At the end of 1929, when the stock market crashed and the coun-
try began falling into the Great Depression, the Laboratory, which by
then had a total budget of $559,655,2 actually was not hit so hard. As
Taylor recalled it years later, the Depression had little immediate ef-
fect on the Laboratory. Two scientists were dismissed for an initial
total savings in salary of $12,000 per year. Later during the Depres-
sion years, every civilian employee in the Government took a tempo-
rary pay cut.*



68 ¢ Pushing the Horizon

The Depression did, of course, raise fiscal consciousness every-
where, including in the Navy’s Bureau of Engineering, which peren-
nially had been supplying more than half of NRL's total budget. Money
for less-than-imminent Navy concerns like, say, leading-edge basic
research, was becoming even more scarce.®

One reflection of the scarcity of money became apparent in 1930
in the aftermath of a momentous discovery on June 4 by Lawrence
Hyland and Leo Young in the Radio Division. The discovery nearly
died on the vine for lack of financial support.

Years later, Young recalled the moment:

“We were conducting experiments relative to guiding planes into
a field using high-frequency beams . . . We were flying a plane

determining just what effects were in the air when the plane was
trying to follow these beams and what not.”

“In making some field measurements on this set-up, Mr. L.A.
Hyland had field strength [measuring] equipment out at what is
now the lower end of Bolling field, just north of the Laboratory.
And of course, as soon as planes began flying around, he noticed
the meter bobbing all up and down . . . [He] determined that he
was getting some kind of effect from planes that flew through
those beams. When he came in he immediately brought it to our
attention, and of course, we immediately realized that we were
getting the same effect from planes that we had from a ship back
in 1922.7¢

What Hyland had observed in his receiver was an intermingling
of two signals. One came directly from the transmitter and normally
would have produced a continuous signal. Instead, a secondary beam
reflecting from the plane was interfering with the primary signal, cre-
ating an interference pattern. As the plane moved, and with it the
origin of the reflected beam, so did the ebbs and flows in signal strength
characteristic of an interference pattern. When that little dial bobbed
down, the signal was waning; and when it swung back up, the signal
was waxing. Although it wasn’t the first time anyone had detected a
moving object using radio signals, this was a historic moment for the
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Naval Research Laboratory. It marked the beginning of its effort to pro-
duce the U.S. Navy’s first generation of radar technology.

Hyland had found that radio could be used to detect airplanes.
Since airplanes were becoming a serious component of warfare, his
observation presaged the U.S. development of radar with more force
than Taylor's and Young's radio detection of a wooden ship on the
Potomac from Haines Point eight years earlier just before they moved
to NRL.

Throughout the summer and early fall, Hyland, Young, and Taylor
performed more experiments. They varied the antennae shape. They
used different frequencies. They even drove a receiver around in a car
so as to simulate the motion of a ship as it might try to detect a plane
in the air. By early November, Taylor was ready to inform the Bureau of
Engineering of the development. In his 11-page letter he wrote:

“The Laboratory has at present two definite objectives in this work:
the first is to detect the presence of moving objects in the air or on
water, possibly later even on the ground, at such distances that
their detection by other well-known methods is difficult or impos-
sible. It may be noted that the personnel piloting any moving ob-
ject would probably not know that any observations were being
taken upon them. Second, to develop . . . a method of measuring
the velocity of moving objects at great heights or at considerable
distance, or on the surface of the water . . . It is not desired in this
report to give the Bureau the impression that the work is anything
like in a finished state but it does appear to this Laboratory to be

far enough advanced to warrant much further and intensive in-
vestigation over a considerable period of time.””

The bureau was not immediately moved by Taylor’s letter to send
NRL more support to pursue the technology. In January, 1931, Com-
mander E.D. Almy, who then was NRL'’s acting director, bolstered
Taylor’s pitch with a letter to the bureau. He wrote:

“The Director considers [this] subject matter of the utmost im-
portance and of great promise in the detection of surface ships and
aircraft. No estimate of its limitations and practical value can be
made until it has been developed. However, it appears to have
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great promise and its use [appears to be] applicable and valuable
in air defense, in defense areas for both surface and aircraft and

for the fleet in scouting the line.”®

The letter apparently carried some weight. Just days after receiv-
ing the letter, the bureau assigned the Laboratory a problem desig-
nated as W5-2, which it emphasized as confidential. The now historic
problem specified that the Laboratory “investigate use of radio to de-
tect the presence of enemy vessels and aircraft.”® The written acknowl-
edgment by the bureau that it was interested in detection of objects
by radio was welcome. The bureau’s assignment of problem W5-2
amounted to an unfunded mandate, however. The bureau still did
not allocate additional money, which meant any radio detection stud-
ies would have to compete with existing radio projects of higher pri-
ority to which men and money already were committed.

Property of the US. Patent Office
' Not to be taken from the Files,

Nov. 27. 1934, A.H. TAYLOR ETAL 1,981,884
SYSTEM FOR DETECTING OBJECTS BY RADIO

Filed June 11 1933 3 Sheet-Shvet 3
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A page from patent
1,981,884 for a “System
for Detecting Objects by
Radio,” whose later
incarnations would be
known as radar.
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Later in the year, Captain Oberlin took over the full-fledged direc-
torship of the Laboratory. In that capacity, he wrote a desperate letter
to the Secretary of the Navy on November 2, 1931. In it, he lamented
the practice of the bureaus, whose funds were already overly subscribed,
to sidestep real support of longer-term research in order to expedite
short-term projects that promised economic return. Aside from a few
written words, Oberlin noted in the letter that no money came from
the bureaus to pursue the promising lead of detecting airplanes by
radio. “On the other hand,” Oberlin continued by way of example,
“recent discoveries which affect radio transmission were immediately
taken up by the bureau as they showed a means of meeting a long-
recognized need and perhaps of effecting considerable economies.
The last example further supports the contention that the bureau’s
immediate financial interests are the controlling factor in their use of
funds available.”®

If that were the case, and Oberlin feared it was, then there would
be no place for long-term research. And without long-term research,
the Navy would have no role in advanced science or even more specu-
lative engineering. Yet that was just the kind of role the NRL leader-
ship thought its Laboratory ought to have in the world. Patient, ad-
equate support for research was required to transform discoveries like
Hyland's bobbing radio receiver dial into valuable new tools for the
Navy.

The future of NRL’s soul was not merely an abstract concern for
Captain Oberlin at the time he wrote his letter to the Secretary of the
Navy. By secretly arranging to shift NRL from its administrative loca-
tion within the office of the Secretary of the Navy to reside instead
within the Bureau of Engineering, the Bureau’s top officers had been
orchestrating a veritable coup d’état to win control of the Laboratory.

That the bureau meant business was made painfully obvious to
Oberlin on one Saturday morning in the fall of 1931. As he recounted
in a letter to an officer friend written soon after, a low-ranking officer
from the Bureau of Engineering dropped into his office without warn-
ing. The officer had orders to take over the Laboratory! Oberlin soon
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learned that Admiral Samuel Cooper, head of the Bureau of Engineer-
ing, had been in secret correspondence with the Secretary of the Navy,
Claude Swanson, about the fate of the Laboratory for some time. Just
days before Oberlin saw the take-over order, this correspondence re-
sulted in the official transfer of control to the Bureau of Engineering.

The first item of “Navy General Order 223” of November 3, 1931,
which was signed by the Secretary, read, “The administration of the
Naval Research Laboratory is hereby placed under the cognizance of
the Bureau of Engineering.”® The transfer of NRL to the bureau was a
done deal, yet Oberlin, the Laboratory’s director, never had a say in
the discussion leading to the decision.

The conspiracy of the men behind the transfer became painfully
clear to Oberlin once he got hold of the relevant memoranda and
letters. The conspiracy had began to reach its crescendo on October
10, 1931, when Stanford C. Hooper, the Director of Naval Communi-
cations within the Bureau of Engineering and a long time critic of
NRL as too research-oriented, wrote a memorandum to his superior,
Admiral Samuel M. Robinson, head of the bureau. “In confirmation
with our discussion yesterday on the subject of Bellevue [NRL],”
Hooper wrote to Robinson, “my feeling is that if the Laboratory is to
be retained by the Navy it must be administered directly under a Bu-
reau, otherwise the cost of the Laboratory will continue to mount out
of all bounds, and the Laboratory [will] become so headstrong that
little good for the Navy will come out of it.”*2

After portraying NRL as an inferior impostor to the nation’s great
research laboratories where he believed the most advanced Navy re-
search ought to take place, Hooper continued his diatribe with a cyni-
cal edge: “Frankly, | have never been able to get the results desired
from Bellevue, and we never will get these results because we cannot
possibly spend enough money there, so, insofar as research is con-
cerned, | would favor abolishing the laboratory . . . ” All that should
remain, he continued, are maybe a half-dozen “research technicists
[sic]” whose role would be to keep the bureau abreast of work going
on at commercial laboratories.



chapter 4 — an orphan proves itself ¢ 73

Robinson concurred with Hooper. More than that, he packaged
Hooper's memorandum with a like-minded memorandum of his own
dated October 14, procured the signatures of approval of the chiefs of
the Bureaus of Ordnance, Construction and Repairs, and Aeronautics,
and sent the documents to the Chief of Naval Operations. Robinson
called for a draconian reduction in NRL staff, a shift of the Laboratory’s
mission to the testing of equipment developed by commercial firms,
and placement of the diminished facility directly under the Bureau of
Engineering.'® The next morning, the Secretary of the Navy approved
the memorandum.

A week later, by which time the bureau had sent its Saturday mes-
senger to NRL, Oberlin desperately began countering the events that
had transpired behind his back. To his mind, the stakes could not have
been higher for the Navy and he was willing to put his career on the
line to steer NRL out of the lethal danger that others had exposed it to.
In an October 22 memorandum to the Chief of Naval Operations, he
wrote that “it would be far preferable to close down the Laboratory
entirely as a research activity than transfer it as such to any bureau.”**

Eleven days later, on November 2, Oberlin sent a 13-page memo-
randum to the Secretary of the Navy in which he identified the battle
over NRL’s place in the Navy with the bigger and more important issue
of the Navy’s general policy on research. “I am convinced that placing
the Laboratory under any bureau will totally defeat the purpose for
which the Laboratory was authorized and intended,”*® he wrote. For
one thing, the Laboratory would no longer be able to consider the
Navy as a whole but rather it inevitably would become an organ of the
single bureau. For another thing, engineering work to solve immedi-
ate problems would supplant any long-term research to prepare the
Navy for future challenges.

Therein lies the crux of the issue. On page 10 of his memorandum,
Oberlin wrote:

“ . .. aresearch laboratory does not exist for solving immediate

and pressing needs for materiel development, although under cer-
tain circumstances it might render assistance along those lines.
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Whether the Navy is warranted in expending funds for general
research is a question on the answer to which the future of the
Naval Research Laboratory should depend.”

At the end of the lengthy memorandum, Oberlin drew a line in
the sand:

“l stand ready to stake my professional reputation and future
naval career upon the prediction that full investigation and unbi-
ased judgment by a qualified body:-

(a) will find that the decision arrived at and policies adopted
when the Laboratory was first established remain correct;

(b) will pronounce the Naval Research Laboratory a vital part of
the Naval Establishment;

(c) will decide that naval research is an economical and
essential assurance of national defense; and

(d) will be convinced that placing the Laboratory under any
bureau will stifle if not entirely eliminate research and will
narrow the work to that bureau’s needs rather than render it
of value to the Navy as a whole, thus effectively nullifying
the purpose for which the Laboratory was established.”

In a prescient closing, Oberlin wrote that “the principles involved
are of too great naval importance to warrant the least consideration of
any personal or selfish interests.”

The issue ascended to the Navy’s highest advisory body, the Gen-
eral Board, which subsequently made a thorough inquiry into the
questions of the proper function and administrative location of NRL.
The opinion, which they issued on February 9, 1932, vindicated
Oberlin. It endorsed his belief that the Navy needed a laboratory like
NRL whose mission was long-term research. Moreover, the Board rec-
ommended that NRL remain in a more central location of Naval ad-
ministration, specifically suggesting the Office of the Chief of Naval
Operations.
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It looked like Oberlin’s gambit would work. A few weeks later,
however, a ruling came through from the same Secretary of the Navy
that had approved Robinson’s original memorandum suggesting NRL's
administrative transfer. NRL would remain under the cognizance of
the Bureau of Engineering. Strike two for Oberlin.

The determined Oberlin made one more attempt to reverse
the decision, this time trying to go over the head of the entire Navy by
appealing to the Subcommittee of Naval Appropriations of the House
of Representatives Appropriations Committee. He succeeded in get-
ting the topic of NRL onto the agenda of the subcommittee’s upcom-
ing hearings, partly due to support from Miller Reese Hutchison.
Hutchison, Edison’s long-time assistant, remained a member of the
extant though inactive Naval Consulting Board from which NRL
sprang, and he was a friend of one of the Congressmen on the sub-
committee.'®

Before the hearings began, however, Oberlin’s maverick cam-
paign caught up with him. His superiors and enemies were able to
relieve him of his NRL directorship and place him into a veritable
holding pen as “the Technical Aide to the Secretary of the Navy,” a
position that was little more than a title.

The aftermath of the subcommittee hearings on NRL followed a
path similar to that followed after the General Board of the Navy gave
their assessment of the situation. Like the General Board, the sub-
committee identified the Laboratory as a place of long-term research
centered on basic science and not on engineering and testing. A strong
endorsement of Oberlin’s view came from subcommittee member Rep-
resentative William Oliver. In a rebuttal to Admiral Robinson’s argu-
ment for transferring control of NRL to his bureau, Oliver said,

“So long as you lend undue emphasis to the testing side, or, as
you call it, the experimental side of the work there, you will soon
lose sight of that which is equally, yes, far more important, per-
haps, the scientific and research study of great underlying prob-
lems, that not only will cause you to advance, but will invite
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others from the outside to come in and willingly lend their aid
and assistance to you in advancing.”*’

Moreover, the subcommittee agreed that NRL ought not to be un-
der the wing of the Bureau of Engineering.

Despite all of this, Secretary Adams was unmoved. NRL remained
under the Bureau of Engineering.

Captain Oberlin’s half-year long battle against the Naval estab-
lishment to keep NRL out of the hands of the Bureau of Engineering
resulted first in his dismissal as NRL's director and thereafter to his
retirement onJuly 15, 1932. His cause was not entirely lost, however.
The philosophical endorsement for the Navy’s need of long-term, basic
scientific research from both the governing board of the Navy and the
U.S. House of Representatives Subcommittee of Naval Appropriations
had lasting effects. Without these high level reiterations of Oberlin’s
passionate vision of what NRL ought to become, the Laboratory might
well have evolved into just another engineering laboratory as other
officers in the Naval hierarchy would have had it.

Ironically, NRL's transfer to the Bureau of Engineering might have
been what saved the Laboratory from capsizing during the financial
and administrative whitewaters of the early and mid-1930s. As A. Hoyt
Taylor assessed the situation in hindsight, “. .. itis doubtful whether
our research would have been so plentifully supplied with operating
funds had we remained under the Secretary during the financial de-
pression.” What's more, the strong administration of the bureau helped
to stab